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Synopsis” 


geometric. similitude involving the use of or slopes. 
many eases the advantages 0 of distorted ‘models ‘more than compensate 


their disadvantages; hence distorted models are commonly used in many 
countries. Questions of costs and benefits, s size of prototype, e, laboratory 


facilities, and requirements: of turbulent flow. and adequate tractive 


farce in the model 1 may make “geometric distortion ne “Recessary or desirable 


hydraulic laboratory models. For both technical and economic the 


“degree of "geometric ‘distortion s usually g greater for large than 


int this | paper, studies of specific models are summarized and adil for i 


elects geometric distortion in ‘the behavior of the > models. Comparative 


date are presented for undistorted and a distorted model of f the same 


prototype showing effects of slope distortion ar and depth « distortion upon pon velocity a r 
‘@aversion factors, from model to prototype. Data are presented for other 
models showing effects ot on bed formations of variations in bed materials — 


(including light- weight materials), and slope and depth distortions. i Selected 


studies of flood ‘control and 1 river navigation in the Mississippi River System 


- summarized and analyzed. Brief reference i is also made to observations, ; 


> 
pertinent to effects of geometric ¢ distortion, in many y other hydraulic ¢ studies. 


Analysis | of the ‘data showed that. a lesser degree of distortion may b 


required i in ‘movable bed models. if f light-weight materials are used to simulate 


the stream bed. . Th 


Nors.—Written comments are invited for immediate to ensure publication the last 
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m and effecting hydraulic similarity in speci 
sed t-all similarity cannot be y in specific details when 
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ne ee On the basis | of this study recommendations are mad le e concerning the use, 

n, and operation of distorted models 


"design, 


isa systematic ‘geometric similitude involving. the u use e of exagger- 


_ The general term, “geometric distortion,” ‘should. be sub- divided into 
depth and “slope distortion. In depth-distorted models the 

seale, d, = - , is than the length or horizontal scale, L 

ep ; ‘The degree of depth distortion, b = —,, is the ratio of the d de pth scale ial ‘the inds 
scale. The degree of slope distortion is the slope scale, = 
tan odels the slope scale is other than may be at Bi 
greater than or less than Depth distortion and slope distortion may | be 
used independently, or in combination. In practice, — depth distortion is a 7 
by slope distortion | n of equal or greater degree. Other . 
types of geometric distortion have been proposed, but their use is not common oo 
Advantages and Disadvantages of Distorted Models. —The advantages of 


op % Qa In order to satisfy the minimum requirements of tractive force, turbu- 


dent flow, or measurable depths for a model of any prototype, a larger horizontal 
— scale is necessary if the model i is undistorted than if distorted. — (Comparisons 
between a distorted model and an undistorted model apply also to models 
_ with a high degree of distortion and with a low degree, respectively.) The 


distorted model will have the following ¢ advantages o over the undistorted model: 


(a) It will occupy a smaller space; (b) less water will be needed; (c) the labora 
tory facilities and personnel required will be | less; (d) a shorter time ‘may | be. 
required for the model study; and cost, of the model study will | 


af sete (2) For very large prototypes the aie of the smallest practical undistorted 
model may be prohibitive, whereas a smaller distorted model of ome cost 


may be economically justifiable and serve the desired purpose. 
e disadvantages and limitations of distorted models are: rae i 
ee weit A smaller. distorted model usually will depart from true similarity in 


Ba. more details of model performance than the smallest practical undistorted 


: @ Owing to the lack of all- around similarity, a distorted | model must be 
esigned to obtain hydraulic similarity i in 1 specified details; hence, it cannot be 


used for all-around studies; ei 


(3) A distorted model usually needs more reextensive field data for verification 


— 
— 
— d 
— ang 
? 
‘incre: 
‘prop 
— iept 
— 
1 to. 
— 
— 
D 
— like n 
fact 
— Tul, 
— 
— 
— = 
— 


IN HYDRAULIC MODELS 


eat 


Dene Used in Practice. any prototype the 


questions | of costs and benefits, ‘size of prototype, laboratory { facilities, poco 
and requirements of turbulent flow and adequate tractive force in the model — 


may make geometric distortion necessary or desirable. These factors combined 
with certain natural characteristics of ‘Tivers usually require a greater degree 
‘of distortion for large ‘prototypes than for small. prototypes. ‘This is 

out in experience as follows: Considering chiefly costs and benefits, in ey oe 

the length scale used in hydraulic models decreases as the size of the prototype 
increases. For example, in hydraulic laboratories in Prague and Zurich one 

finds a length scale of i: 50 used and suitable for the small | rivers in Czecho- _ 

Slovakia and Switzerland; at Karlsruhe Laboratory, in Germany, a scale _ ae 

1: 170 or 1 : 200 for a Middle Rhine River model; at Berlin, Germany, 1: ye 
for a Middle Elbe ‘River model and 1 : 500 for a Lower Elbe River a 


¢ 


> 


at Budapest, Hungary, 1 : 500 for the Danube River; and at t Vicksburg, Miss., hp 
1: 450 }tol: 2 000 for the Mississippi River. 


Due mainly to technical reasons and to a change i in ‘the characteristics sof 


rivers with size, the « depth scale for these models does not fluctuate over su such — 
swide range. % In the model a certain minimum depth and slope are usually — ae 
necessary to insure turbulent flow, measurable depths, or sufficient tractive 
force. Moreover, for most rivers, as the size of the river increases, the slope se 


ze of erial decr th todepth = 


depth 8 het was from 1 to 20, and ae Tange in ihe distortion was from 
to 26 Models of the larger were de 


4 


ike most engineering ‘involves the careful balancing of many contin 


phases for which model tests may be of value. Consider the limite- 


s of distorted models. — Decide on the "general type, sc ope, and 


Gap ‘Secure and ‘assemble all necessary field data. * Special data 


| 
18e, tortion the 
dangers rted model — 
dels | 
nto 
the = 
Th 
y be 
n is 
ther 
— 
— 
yntal 
ie In the foregoing models, the range in depth scales was only 1 : 50 to 1 : 200 yy _ oe | 
a 
Th 
odel: 
tie 
y be 
arted 
cost 
ful. The procedure in hydraulic model studies is as foll 
ia 


of model area, and the nest 
and vertical Ifa bed model is 


te also tentatively select the bed material. 


(B) Modify this tentative design on the basis 
“womans available ( (particularly the water supply and space available); 
a Eee eeres flow requirements; the limits of accuracy of measurements: 
roughness ‘Tequirements to obtain the desired velocity scale “(for 
movable bed models substitute tractive force requirements to > move 
a bed material); the probable effects of geometric distortion; and a 


~ comparison of the costs of the m model with the value of benefits to be 


— 


_ (C) Prepare adequate plans for the verification and operation 
of the model. In the preparation of these plans particular ; attention 
must be given to the probable effects of distortion. 


(D) Complete the design of the model. 


(A) Use construction methods that permit neces- 


to be ‘made. In 


movable bed distorted 1 models it 


may be 1 necessary ‘to complete the ‘Special 
should be made to. the effects of 
| 
a (B) ‘Conduct formal model tests pertaining to the field problem. 
For these tests the model should be operated in accordance with 
special operating conditions determined during the verification tests. 
During all the tests make observations: to determine the “escent of 


geometric distortion, pa 


The of the effects of distortion on is of 


her Fundamental Principles. In every step of the oregoing the 


Amportance of the effects of geometric distortion is emphasized. — Evidently, 

the design of of a distorted model cannot be outlined independent of the necessary 

preliminary work and subsequent construction, operation, and report. The 

_ designer of a distorted model must consider all phases of the study during the 

design phase; ‘particularly, he must anticipate the effects of distortion in the 

subsequent verification and operation of the model and in the as 


n addition foregoing procedure the 
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i) (3) The effects of scale, and of depth and slope distortion, should be ana 
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(1) Field data must be available ‘for ‘a model verification, and 
plans must be made for this verification. . The model operator must assure a 


himself by appropriate comparisons of model and prototype behavior that the 
model faithfully simulates the prototype in the particular details being studied. — a a 
AN (2) A distorted model should be designed for a particular problem. re 


‘given model can only be used to solve problems closely related to the one ware 


which it it was designed. the study involves several different problems, two 


or more models or a larger 1 model may be necessary. 


lyzed carefully i in : conjunction with the fundamental laws of hydraulics in order a 
to avoid costly m mistakes i in the construction and operation of the model, and the 

‘interpretation — of model results. In considering these ‘effects it ‘should be 
remembered that the primary aim of most istorted models is to effect hy- me 
dalle similarity in specific details when over-all similarity cannot be expected. e. 2 
ee (4) Light-weight bed materials may be used in movable we models i in order ie 


Ibis is evident ‘that a knowledge of of the ‘effects of ge pen distortion in is a «oa 
importance in the design, operation, and interpretation, of distorted 
models. Because most knowledge concerning the effects of distortion is 
obtained from specific model studies, the experience of the laboratory ‘personnel 
must be considered in model design in some such way as are the laboratory ee 
facilities. i The e experience o of the designer undoubtedly influences his design. | 


hydraulic studies pertaining to the observed effects of geometric 
- distortion are summarized i in Table 1 and further described in the allowing 


text. Items Nos. 4 and 13 refer to studies in Berlin, Germany (Preusssche aie by 
Versuchsanstalt fiir Wasserbau und Schiffbau) ; Item No. 7 was from the 


University of Manchester, Manchester, England; and the remainder were aan a 
r made at the United States Waterway Experiment Station, at Vicksburg, Miss. eo 3 
“Item No. 14 being i in n part from Cornell University, at Ithaca, B..T. Items ere 
; Nos. 4, 7, 10, 11, and 13 had sand beds; Item N 0. 12 had a light-weight material re 
for: the bed: Item No. 14 had both fixed and sand beds; and the remainder were — 
Tie tem No. ee Table 1.—Tests of the St. Clair River sills were conducted in a r 
: tilting flume, supplementary flume tests being conducted in conjunction with se 2 
the model study to determine the back-water effect of submerged sills (21) (33). sem #i 
conclusions reached were: (1) The back-water produced by. any given 
‘varies as the ie square | of the ‘velocity of approach; (2) tests conducted with equal ie 
Froude’s number ga “gave approximately similar ‘results regardless of scale; 
_ the shape of f the sill, particularly that | of the -up-stream f face, influences the 
‘feck-water produced by the sill, the back-water being greater for a vertical 
face th than for a sloping face; and, (4) for the large spacings proposed, the effect a > a 
a one sill is not reduced by the addition of more sills. 
_ Items Nos. 2 and 3, Table 1.—Models were constructed of a 3-mile stretch 


o the St. Clair River (just below Lake St. Clair) to — the back-wate = 


Numbers i in parentheses refer to the Bibliography i in the 
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ex: In the distorted model es sills w were built nd an undistorted scale of 1: : 30. 


It was impossible to roughen the bed surf bed surface ‘sufficiently t to obtain the e required 
TABLE 1.— Data PERTAINING Sruprs 
CHARACTERISTICS 


sill was 12 ft high in 
Flume tests; St. Clair 42 ft of water; (21) and (33) 


Approximately 3 miles of river 

ode tet: River both 

Fl tes ts Elbe Ri r {Active bed movement but 

ume tests; Elbe River \stable t banks; (27) and (43) [\ 


? 


Helena-Donalasonville model, 
Tidal model a the Severn 
Estuary; (12) 
Effect of distortion « on the dis- 


tribution of velocity in a 


fear of distortion on the dis- 
{ 


Co Ow 


(Model study; ‘Mississippi 
River Landing, 


coo 


Model st study, 
(River, at Vicksburg, Miss. 


Model “Mississippi 


tribution of velocity in a 
model stream; (21) and (34) — 
Model of — Bend 

and (44) 


model; (21) and (44) 
his (Tenn.) Depot 
model; (21) and (44) 


od | 
co SOOO 


wo 


(Ri 


aah, t fe tric distorti 
4 ect of geome’ ric 1s or" ion 
Bertin, on bed load movement in a 
Bifurcated flume tests; “al 


+ 


___ * Numbers in parentheses refer to corresponding items ingAppendix. {Width of flume = 66h. 
Width of flume = 2.0 ft. fdm = 0.16 ft. §dm = 0.49 ft. || dm = 0.25 ft to 0.58 ft. J Variable 
** Varies. ttSm =1:800. {iSm =]: = =1; 400. 1: 1200. 
from 0.47 ft per sec to 0.99 ft persec. 


Froudian Velocity the between the velocity scale and the 
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“This shows that the —s Law of Compatibility, based on equal roughness ir 5. 
~ eoefficient in model and prototype (that is, when d, is expressed | by Equation — 

- (1) the velocity scale is expressed by Equation (26)), is of little practical value. 

The undistorted ‘model, operated in accordance with Equation (2b) indi- 
cated less back-water than the distorted model. in 


with: Equation (2a), two conclusions w ere indicated: : 


(a) Sills with vertical faces, or with slopes of 1 on 1, 
mately the same | back-water as the distorted model, thus ‘supporting the con- - 
tention that when velocity and roughness can be satisfied 

i ‘model with a low degree of distortion may be used for this type c of problem; and, if 

Sills with faces sloped at 1 on 3 indicated about twice as much 
i. as the distorted model. _ For these latter tests, in the distorted model, 

the toes of the sills were almost, touching and the sills no longer retained their 


individual action; hence, the back- -water was reduced. = 


-overfall structure should be built undistorted to the depth scale; but Conclusion a a 


illustrates that there are limits to the application of this rule. 
Item No. 4, Table 1 Supplementary flume tests were made in the Prussian _ 
‘Experiment Institute for Hydraulic Engineering : and Ship Building, i in Berlin . : 
Germany, for a model study of the Elbe River (27) (43). These tests were 
made to determine the relative effects of f depth and slope « distortion, and the 


- effect of change in cross-section of an impermeable training dike on the scour 


resulting from the dike. In the first tests, the flume was considered to be 


-depth- distorted model; but the cross- waections of the dikes were built to eg" 


representing depth distortions, 4b, of 1, 1.5 5, 2, 3, 4, 5 ae 
a 


ie of the se from the shore end to the outer end such as vane by depth = 


_ distortion will also increase the relative scour. The tests did not indicate that a | J 


- the i increase of scour would be in the correct ratio to the increase in depth scale; ‘3 


Q). An increase in slope distortion. will increase the scour resulting from 


4 Model 
Study” was to find a ‘method of eliminating ‘the lash eddy along the lock 


dievonch below Dam No. 36 in the Ohio River (21) (44). Similarly, to Items ey 


Nos. 2 and 3, the relation between the depth scale and the length scale is i 2 


expressed by (1). In the model, the dam was built to an undistorted 


he (1) Asi in Items Nos. 2 and 3 it was determined that sufficient sousiiness 


‘could not be applied in order to reduce the velocity scale to that of the Froudian  _ 
‘Tequirement. yas By applying roughness, nm was increased from 0.013 to 0. 
‘Ther ulting velocity was to 25% too great, 


| 


F 
— 
P 
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5 

4 

In spite of excess the lash eddy 


the model was suited for the study. 


Item. model of a 600-mile stretch of the Mississippi. 
Ri iver (see Fig. 1) was cian in order | to determine the “comparative 
value of Various flood- control measures 
= effective in giving a vivid picture of the 

JEMEMPHIS ix Mississippi Valley, by the reproduction 
“Gow Island of past major floods. Considering this 
aspect, the model might be termed to 

have an educational value, which is often 
| under-estimated when evaluating the bene- 
to be derived from a model stady. 


Before the application of rough 
it was determined ‘that the ‘model 
discharge scale’ varied w with stage from a 
value of 1. 484 xX 10-6 to 0. 823 X 10-6. 


‘This variation could not be tolerated 


Waterproof Cutoff because the length of the model Was 80 
e great that the e corresponding varying time 


| seale introduced = 
form of a flood wave. 


(2) ‘Computations for selected sections 
me the model revealed that. ‘the scale for 


hydraulic radius varied from 1:118 to 


H > 
‘esses > 4 hydraulic -capacity for all parts of “the 
MEXICO model, variable intensities of roughness 


"PROM HELENA, ARK., TO DONALDSVILLE, Miss. of 1: 1 500 000 resulted pte This discharge 


M 000; 
scale is in excess of the ‘Froudian scale of 


(4) In ‘spite of extreme distortion and the resulting difficulties of adjust- 
Re: ment, it was “possible to verify the model by reproducing 1 recent major floods 
accurately. The wealth of field data which are available for the Lower 


Mississippi River System permitted this verification. 


| 3 Ttem tem N Table 1 j 1.—The of this study was to test the effects of 
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tems” Nos. 8 and 9, , Table 1 —These studies were part of a general 
“search program to determine the effects of ‘geometric distortion (21) (34). 
were conducted in existing models, changes in distortion being made 


by remolding the channel. No effort was made to adjust the roughness: to 
any particular v velocity scale. The results showed that: 


(1) The degree of ‘distortion affects. the distribution of and, 
fore, would affect the relative a distribution of energy & and the effective oe q 


ae 2 There appeared | to be greater discrepancy between the prototype: and Raia 


model for 8 a high degree of geometric distortion than for a low degree. _ 


Item No. 1 0, Table 1 —This w was & a navigation study to determine 

_ of improving one or the other of the two channels at ‘Fitler Bend, at Point. : 

Lookout, La. (Fig. 2 is is a river “survey made from September 2 to October 
1933). ce - Alow degree of depth distortion was considered necessary in order to a 
test various dredging proposals. — Light- -weight bed materials were r not being 

used at U. S. Waterways Experiment Station at the time of this study. age a oe 

4 Three general may ‘be drawn from this s study (21). (44): 

(1) For a distortion adjustment. tests indicated that 

parka velocities were too high. _ The resulting thalweg was very definitely 


the outside of the bend, whereas a survey of the showed 


Fora in slope verification was was improved. 
Verification tests were run with a slope distortion « of and 15.7 ‘The latter 
slope furnished better verification of natural conditions. In both | cases 


zz (3) These tests show that a change in dene distortion may result in changed ” 
configuration particularly in ina change of thalweg alignment. They 


of Memphis, Tenn. (21) (44). Because the model included the 
Depot area an 1 attempt ‘was made to use this « existing ‘model for the Memphis > 

4 Depot Study (Item No. 12); but i it | Was s00n determined that the existing model 
was not suited for the. study, and anew model was designed for the latter case 
Items Nos. li; and 12 were both navigation studies for channel improvement; 
ate Memphis, ‘Item No. 11 being up stream from Memphis, ‘and Item No. 1 we 
in the approach channel to the dock of the United States Engineer Office’ (known | 

as Memphis Depot). — Fig. 3(a) shows the river survey made of the Memphis ~ 

Depot area in J July and August, 1935. conclusions are offered: 


The model having a vertical scale of 1 : 200 wa 

_ & with the prototype than the model havi : 200 was in closer agreement ii 
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VERIFICATION TEST — Map to Model 1012345 6 
4 REDUCED SLOPE 


— 
= 


he Crusoe Island was vas not suited for the 


in the vicinity of the head of President’s Island. Excessive bar building oc- 


C DISTORTION IN HYDRAULI 


a ee op lees on the left bank, forcing the thalweg to the center of the left-hand 
ei oad - channel; ‘and an excessive attack on the head of President’ s Island resulted. 


> 


The Memphis Depot model, as first ‘constructed, was also 
due toes excessive slope distortion fl = —— ). (See Fig. 4. Fé Ae? Se 
¥ ee (3) Fig. 3(b) shows the resulting in the due 
to a reduction in s distortion. wives scale was reduced, successively, from 


Fig. 3(b) is for a slope distortion of = ‘comparison of 
Rigs. and 4 with Fig. 3(a) shows the resulting i in verification 
f 


tests due to a in slope distortions. 


Duration of test (Test No. 5), in hours. . .27. 


‘Total slope in model. . 


grain si size of bed material, in millimeters. 4 


For this study excellent year-by- -year field surveys. were available for 
area involved, and a more accurate verification thereby resulted. 


ane ) These tests show the advantages of using a a light-weight bed material in 7 
combin nation with moderate depth an nd slope distortion instead 


combination with greater depth and slope distortion. — 


Item No. 18, Table 1.—In Berlin n (27), a study of two models was conducted 
to determine the relative merits of depth and slope distortion in a model in. t * 

which the radius of curvature of the channel was 6 m ‘epproximately 20 ft). 
The following we were the most significant findings: (ne 
(1) Although the.tractive force available in two models was equal tur 
(tractive force expressed as the product of f depth times slope), greater 
occurred in the model having the greater depth. 
‘336 (2) Shape and | alignment of sand r riffles indicated that greater + depth created Ss 

a greater tendency for diagonal currents or helicoidal flow. (or 

(3) The size of the sand riffles increased with the increased sd 

a (4) In the two models the location of the thalweg remained approximately bo 
the same; the depths of scour varied approximately with the depth scale. Wi 


channel on the inside of the bend was not so apparent in the depth 
storted model. This latter is probably due the increased movement of 
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No. Table 1 —In the flume tests of Item 14, tests 
“were conducted with a fixed bed and with a a sand bed, v various types: of sand M 

being: tested (4) (21) (36) (44). The purpose was” to study the bed- ad 
action at the fork of a stream. One branch of the flume model was a con- 
tinuation of the approach channel and the other, or side channel, made an. 


angle 30° with the main channel. The approach and two branch channels 
were of equal rectangular c1 cross-section. (See references s given for other types 
of channels and variation in the angle between the channels.) — Pertinent a 


Tennessee 


\ 


MEMPHIS” 


Map to Nature 1 


Model 


Gent Pe side channel) of the approach channel. — 


the zone of bottom currents fees channel ex 


cover 80% or 90% of the width. 
(8) For equal distribution of wa 
of bed load the side channel was 


er. down the t 


‘The zone of top currents — 


taming into the side channel usually extends over. Teas than (50% of top 


than that entering 


— 
— 
= 
a 
— 
— 
— 
f flow, as the ve 
rly that for a g ts turning into the 
| The data show clea the zone of bottom current city the sone of 
(or slope idth. For example, 70% of the bo ae — 
| — 


“the s The pereentage 0 of bed load diverted d increased as the 


(4) For otherwise like conditions, it was shown that the bed “material 
— ae mixture influences the percentage distribution of bed load entering the two 
Be ee ae channels. As the bed material mixture becomes finer, and a greater percentage 


of the material moved is in suspension, the percentage side channel 


iil AnaLysis oF Data AND 


: The foregoing and the data in Table with s some 


"materials. ‘Under the first. classification are discussed in form, changes 


in 1 hydraulic ¢ car w characteristics, secondary cur currents, and 


general behavior of bed the use of light- ‘bed materials, 
a eg in Form.—The most obvious effect of of depth distortion is in the 
ier change i in the form of the « cross- s-section of the channel and of the structures. 

Change | in form influences the back-water effect of structures and also, in 
7: “movable bed models, varies the scour pattern ‘caused by such structures. 
= @ te _ The ratio of width to depth in model and prototype is not the same, and the 
relative area of cross- -section affected by side-wall influence on hydraulic flow 

ee thereby altered. =f movable- bed, depth- distorted models the side : slope of 


or, ., in cases where e angle of repose of the submerged is 
vs exceeded it it may result in an undesirable sloughing. © _ Depth distortion | changes 
ae _— the shape of the channel i in then model, thereby causing the scale for the hydraulic 
ae radius to be a variable. - _ The hydraulic capacity of the channel is thus affected. 
a the foregoing effects of depth distortion must be considered ‘ in model 
design, operation, and interpretation. 


sf ae ydraulic Capacity of C Channel. —Both 2 depth distortion and slope distortion 
influence the hydraulic capacity of an open channel. The hydraulic capacity 
«Of a channel i is its capacity to carry water, as measured by the Tate of flow 


through : a given reach - for a given ‘stage. Based on Manning’ s formula for 


of a channel in model and is when, 


Re 


in Q, = discharge scale = hydraulic radius scale = and 


= coefficient of roughness scale = 


In -depth-distorted models it has been shown that R, ‘from 
— to cross-section and also i in the same cross-section. for different stages; 
hence, if Q, i is to remain constant, taust vary within each cross- “section and 


from cross-section to cross-section. is common ‘practice to vary by 
a model by trial and error. 
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In the Helena. model (Item 1 le 
varied from rough stuccoed concrete to extremely ‘smooth concrete. 
ina few isolated sections it was impossible to make the concrete smooth 
- If the slope of the model i is also distorted, the ; roughness must be further 
increased to compensate for the greater slope, or the discharge scale will 
“increase. — In many studies the actual value of the discharge scale is relatively — 
"unimportant as long as a similarity of hydraulic capacity is obtained; but in 
other studies it is desirable to comply with Froude’s requirement for 
‘Welocity scale. (Supplementary flume tests showed that compliance 
Froude’s law was desirable for the St. Clair River ‘model tests. a dis- 


(The criterion (35), when d, = = 275, is based. on the 

2 EF hen the degrees of depth and slope distortion are equal, it follows” a 

greater roughness must be used as the degree of distortion increases. For ai 7H 
such a distorted model of a , rectangular channel the roughness scale should 7 a 2 
increase as the width-depth ratio of the prototype, the degree of distortion, =. 

or the horizontal scale of the the 


| velocity scale 1 must often exceed the value indicated by Equation (2b). 


Changes in Flow Characteristics. distortion and depth wil 
cause changes in the characteristics of flow. _ Variation of the depth or slope 
distortion will affect the magnitude of velocity and also the velocity distribu- 

tion, such as to change the form of the vertical and horizontal velocity distribu- _ 

tion curves. . Another effect of distortion i is to alter the direction of currents. 
Particularly, the relative divergence of ‘surface and sub-surface currents - may 

be changed. I Distortion 1 may cause eddies to occur in a model where none ee: 
exists i in the prototype; or it may y affect the s size, shape, location, and intensity 

existing eddies or rollers. The intensity of turbulence or the pulsating 
character of the flow may be altered. x Another common effect of distortion i is 
undesired increase i in the transverse slope of the water surface. Many Aha 
experimental data are available to show specific instances of such changes, but © ' 
insufficient data are at hand to provide a basis for the formulation of definite = 


Of particular interest is the of geometric | distortion on the 
the vertical velocity curve. Experimental data and field observations on 
natural streams show definitely that depth, slope, form of channel, and rough or 
"hess affect the form or shape of the vertical velocity curve. For example, the ed 
following : statements have been fairly | well substantiated aad field and laboratory — 
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4 
ea (a) The vertical velocity curve ¢ approximates a parabola, the axis of which 
is and pa: passes through the point of maximum velocity. 


As psu of the increases, the of the filament of 


to make the velocity distribution more ‘uniform, rapidly 
bottom tends to make the ratio of upper to bottom 4 increase. 


Re. Hence, a change i in the combination of depth and slope distortion will change 


“vertical. velocity curve in some unpredictable manner, The change i in 


ay ‘distribution of velocity becomes of particular importance when a bend section 


or ‘divided flow around an n island or obstruction is considered. = ae. 


er ‘flows an open channel secondary 


usually ‘From the ‘standpoint of hydraulic models the most 
important of these are the cross-currents near the bottom of a stream, which 
are set up) in a channel whenever there i is & change i in direction of flow wack as 
"that caused channel, a divided channel, large obstruction, 


surface. currents are moving | faster than the bottom currents. 

i a3 Hence, when a change in 1 direction | occurs, it takes: less force to _ change the 
_ direction of the bottom, than the surface, currents. At a bend in the channel 


6 a transverse slope is set up due to the change in direction. _ This slope acts as 


- an unbalanced force on each filament of | current and deflects it so that the radius 


Ttem No. 14, Table 1, the bulk of the water “entering the side 
| channel w was that water which had been flowing near the bottom of the approach 


ytd channel. In these tests the horizontal angle between the direction of the we: 
and currents varied from zero to 180 degrees. a8 


movanie bed studies the engineer is is particularly interested i in n the 


ig in the direction and amount of movement of the awa 


Inasmuch as geometric distortion affects the magnitude of ‘velocity and 


ae also the form of the \ vertical velocity curve, , it is logical to assume that the 


F ; ‘nature of the cross-currents will also be influenced . Items Nos. 10, 12, 13, and 
; ia (4,inT Table 1, and other studies, illustrate, directly or —_— the effect of a 
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bottom velocities also increases. 
ratio of surface to bo ths co} ly used in rou 
Kea ‘air ) For the range of model slopes and model depths commonly J rou 
ae aa (c) For the range of . depth distortion will result in a of f 
ies. nge in slope or depth distorti = 
_ hydraulic laboratories, . The exact nature of the law of esta 

vertical velocity curve is apparent to a a 
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GEOMETRIC DISTORTION. ‘HYDRAULIC MODELS: 


Analysis of these studies indicates or slope 
distortion will increase the divergence of surface and bottom eth 
that the divergence is more marked for an increase in depth distortion ge 

for an equal increase in slope distortion. _ Other factors, such as horizontal — 
velocity distribution, relation between wave velocity and mean velocity, 
"roughness, effect of one bend on a lower bend, ete., greatly affect the nature 

of flow. Additional data are needed before conclusive relationships can be ie ho 

Miscellaneous Effects. — —In addition to the specific examples referred to in 

“Table 1, countless other r examples of discrepancies introduced — by geometric oe 
“distortion could be presented. Many of these discrepancies | are unimportant 
oO may be properly weighed | in interpreting model results. Among the more © i 
important, especially in movable bed ‘models, are. the following effects which 
‘ have been observed at the U.S. Waterways Experiment Station (in all cases | 

the name of one representative model or reach of a Mississippi River model is 
given in parentheses, see Fig. 1 for the geographic location of of 


At relatively narrow | sections (American Cut-Off) ; 


At point of junetion of two streams (Vice-President’s Island). 
(A), At a bend (Head of Passes); 


I Unstable Side Slopes: 

“Steep bank occurring in prototype (Memphis); 


Dredging holes or cuts (Cas Island); and, 


‘Displacement 1 and relative of 1 cro 


(C) Introduction of eddy and a a resultant bar at a pes wee 


widening of the « channel (Cottonwood Bar); 


: of flow and excessive development of one 
= oie channel and excessive deterioration of the other in cases ee! 


divided flow around an island (Harklerodes Island Bites gaa 
: Behavior of Bed Materials. —In most model studies the movement of oe 
“bed. material i is rolling. or sliding along the 
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and the resulting bed configuration i is largely iedlinmneed 1 by the bottom 
currents. Inasmuch as ‘the direction of bottom currents is influenced by 


distortion, the bed | configuration will also be affected. 


ae as follows: A. change i in the | grain s size or the. mpeaiiie weight of the bed material 
t : _ will affect the rate of movement and may affect the type of movement (that is, 
movement by rifles to movement by banks, or true bed-load movement to 
a rom in suspension, etc.). Any change in the nature of movement will 
increase or decrease the roughness, which, in turn, will affect the magnitude of 
ee velocity and the cross-currents. Hence, the bed configuration may be changed 
by merely substituting one bed material for another. ( One may take advantage 
of this factor « during the verification of a model. Ifo one bed material will not 


provide a successful verification, a change o of bed material may materially 


«Light-Weight B Bed Materials. .—For a given hydraulic model study, the degree 
of geometric distortion 1 necessary may be reduced by the use of light-weight bed 
om ree instead of natural s sand (see Fig. ‘San and Table 2) -_ M Many la laboratories | 


CHARACTERISTICS OF MoprEL Curves IN Fic. 5 


Specific 


size 
ravity, 
+ & Do, in 


Gilsonite......... : 3.112 
Gilsonite 
Gilsonite 


Gilsonite 
Gilsonite 


-| Wood rosin (5.5% lime). .............. 

Wood rosin (5. lime) 
“Slack” bituminous coal 
“*Slack”’ bituminous coal 
‘‘Semi-anthracite”’ coal (briquettes) 
“‘Carona”’ coal (bituminous)................. 
‘‘Carona” coal (bituminous) 
“‘Semi-anthracite” coal (briquettes) 
‘‘Semi-anthracite’”’ coal (briquettes) 
‘‘Semi-anthracite’”’ coal (briquettes) 

..| ‘“Slack’”’ bituminous coal 
bituminous coal 
‘*Haydite”’ (No. 6) 85> j 0.0005, 0.0010, and 0.0015 


Fitler sand 2.65 0. 0010 


; have resorted to the use of such materials. In Europe, broken briquettes of a 


coal, pumice, and amber are being used successfully. Waterways 


_ Light-weight materials have the iednaitiais's over heavier materials in that, 
given grain- size, movement occurs at a lower tractive force and that 


coarser light- weight ‘moteriale | may be used instead of heavier sand to reduce 
wie and th the degree of of distortion. Hi ever, the 
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of their ‘light weight these materials are not suitable for studying wave action on 

i beaches or certain types of 1 river problems where bars are exposed. Unless — 
- gilsonite i is soaked i in water, shaped rapidly to conform to the model bed, and — 


ae flooded almost immediately, tiny air bubbles attach themselves to the grains 


and cause the m material to float. _ However, the use of light- weight m materials is 


distortion, and light- weight bed better tan the use of ~ 
extreme to the exclusion of the others. 


account - of cost or r other considerations; (b) geometrically ‘distorted eaten 
should be used with extreme caution; (c) arbitrary measures may sometimes be 4 
taken to compensate for some of the effects of distortion; (d) light- weight bed 
: materials may be used to reduce the degree of distortion necessary ; (©) in 
general, a change in in the degree of depth or slope distortion, or in ‘the bed 
- material, may ‘result in a change in ‘model results; and finally if) owing to the 
complex nature | of many of the effects of distortion the wapeetiney « of model 


tions are made: (1) Geometrically distorted r river models should be avoided 


ne _ whenever suitable undistorted n models can be constructed at reasonable cost; 


(2) distorted models should be designed for ‘specific | purposes and they should not 


z be used for general studies; (3) the designer should weigh, intelligently, the 
: _ probable effects of distortion i in order to avoid failures or reconstruction costs; ; 


2a Wee he should consider carefully t the advisability of using light-weight bed materials 


cA instead of extreme me depth or slope distortion ; and (4) the operator should assure — 

himself by appropriate comparisons ¢ of model and prototype behavior that the 
model faithf ully simulates the prototype i in the particular « details being studied. 
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t ticularly adapted to orie ion 


s due to errors of “observation ‘are 
> 


ation in pan more than three 


ical ‘adjustment Pa the -or- 


tical | problem is is solved to illustrate 


In Fig. 1, Points 0, A, B, C, and D are triangulation stations with hanes — Fe 
co-ordinates in a plane system. If an observer at Point P measures the angle, 
q OP A= : a, he has limited his position locus to the circle, O P A. ‘a If he then 
; measures Angle OPB= 68, he determines his position as the intersection of the. 


circles, OPA and O P B, unless these two circles: coincide. se course, : ae 


Angle A P B = =B—a 


at two position is fixed if he can decide 
between them—by compass bearing, f for instance. Such data may give 
"locations, but they 


B,C, and D, visible, ‘it is best to ‘the three 


Nors. —Written comments are invited for immediate to ensure publication the last 


ion should be submitted by October 15, 1938. 


#2 


| 
— 
nd 
By 
he classica ree- 
location in a previ -ordi 
wef evaluated to measure the precision of the loc aed - 
C, . = are observed, to aid in the selection | a 
-more-point” problem is outlined and a pra 
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d Shgles dehning the circles with the best intersection. 
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of — due to errors of at Point P, errors in n the 
_ previous antedinaticn. of the signals, and to the plane projection distortion of 


the field. If the four intersections are tolerably approximate, considering the 


_ probable error of angular measurements, a mean position can be determined by 


— 


least squares or by the graphical method outlined herein. _ Otherwise, it may 


ar _ be assumed that at least one of the signals was not accurately located ; or, that 


pending upon old co-ordinates oe spires, due to uneven subsidence, translation 


iby earthquake, or altered reconstruction after fires. 


BN a If but one signal is in epee a fifth signal can be used to determine which 


should be — 


ry 


independent | graph of these intersections show four 


ig 


points tolerably approximate, the other six being \ — and oe upon 
Use of six or more signals i increases : the labor of solution, but there is the 


possibility that more than one station must be rejected « or that some locus 


circles will intersect at very acute angles, too small for the desired precision. 
The field data to all visible signals : should be obtained. ef In general, for observa- 


nd the ‘number « of independent intersections : 


> 


“ _ Along the c coasts, many areas have been co-ordinated by the United States 
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of the instrument points is not ot slways simple, but co-ordinated 


spires are ‘usually abundant. — _ The three-point m method affords a practical device oe 
for: (1) Connecting to the U. 8. Coast and Geodetic | horizontal: datum (lane 


observations, ‘pactioubaihe when the sun or the stars are obscured, or when they ‘ 
are not in favorable position; or (3) controlling a stub traverse by three-point 
ties near each end, which, incidentally, serves to check base lines or rate the a 
tape used in the tr traverse. . The solutions of connections required i in a resurvey ra, Berd 
of a part of the mean high- tide line of Coronado, South Isla nd, California, in ia 


The e graphical on the is to all 

is explained in most surveying texts. The methods in this. paper are not 

applicable to such work. The usual trigonometric solution requires: 3: (a) Com- 

puting closing courses and ne between the observed signals; (b) solving a ae 


angles for a check) ; and (c). computing latitudes and departures from one 
signal to the instrument position. Reference i is to any ‘surveying a 

A simpler method is derived as ' follows: In Fig. 1 


triangulation aera Points 0, A , and B, referred to rectangular ee: 


axes, and E, a No), (Ca, ete. the linear transformation, 


0=(0 0,0), A A= (a, Ya), ete. _To determine position of Point P, Angles a a 
and have been measured. 4 Let the azimuth of af be. Z= YO 


, Line 


and, lines being concurrent at Point ‘simultaneous solution of thei 
equations ill the: position 4a) in 
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(4b) a and id (4c), to and then: 


y) tana = 
=2 tan B+ + y (ston (58) 


— — yo) tan tan B + %tana—2Z,tanB 
Dividing the third and fourth ‘Parts by tan a tan B and substituting Equ: 


— Ya cot a — cot 


Substituting these values i in Equation (7): ie saad 


a cos? Z [tan Z ‘eae Ya cot t a) + Ya — La cot cot a] 


OP sin Z (ta Ya cot a) + cos Z (Ya cot a)... 


For the ‘most direct ‘solution, solve ‘Equation (7), for | then 


for Lp; and then: grin, 


If saa is not — solve Equation @ for cot Z; and, for Equation (8b), use 


+ cot.Z (Ya — Le cot (10) 


Equation (7), there will ‘be for Z ¢ differing | by 180°; but i 


: the wrong Z is selected, then J from Equation (8d) will be negative and the same | 


point will b be determined | by ei either choice of Z. ' The other equations are free 


from ambiguity except in singular cases. In the insoluble case with O, A, B, 


‘and P| lying on circle, Equation (7) gives cot Z =- 5: Ife a= 0° or | 180°, 


ret nde erminacy having the 
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PROBLEM 


3 To complete the solution, co-ordinates to the or origin, ( 
reversing th the transformation of naine (3) by: 


Sy, true azimuth is Aeckeed, Z Must be corzected d for the the difference i in in longitude 


b 


qua In Fig. with Angle @ observed between | A and B, the equa- 

+ + (ye Ye) cot 6] — -y + ya La) cot | 9 

tat ys Ya (ta Yo — Ya) cot = (14) 


2 Ya — Lp (ta + ») — Up (y at y 
+ cot [2 — Qa Yat tp ) 

—. The slope of the circle and a at Point P is: 


(83 = — Yo 


- 


=) and the slope for Circle O A P, substituting o a for @ and sate Yo = = = 0: “rh 


(10) Be In the g general triangle, A B P, let ee three angles be . A, B, and 6, and let — : 
* the opposite sides be 6, a, and pe, respectively. ae there was a small error, , 0, 


yut if | 


& in | the measurement of 6 there will be little change i in the slope from Equation a 


= | 6+ cos ta 
ao sim A sin air ab 


e (18) i in n the solution of four-or- -more-point, systems, 
: (12) war is necessary to solve for N only to two or three significant figures. _ Having oes 


,can be computed by 

5. 
- (6 
iim 

4 

— 

— 

q 

— 

al the error in seconds of are is expressed by 6”, and Nisthe absolute normal ge (ai 


P from of three for az any ‘pair those p 
a, b, and p can be scaled ; 5” can be determined as the probable error of that 
"measurement; and, ¥ ean be computed. Now, ‘the angle, has limited 
‘the locus for P to a band « of width, 2N, slope, A, centered on Point P, since a 5 
short part of the locus circle is essentially : a areight line. Intersection of this | 
i with bands pertinent to other combinations of points should f further 
‘oe this locus area. Ma probable errors for all sets are then gradually reduced ; 
n the same ratio until only one point is common to all bands, there will result 
an : solution which will generally be very close to t the least squares: 


‘The reduction can be. done by cut-and- try ona large- scale 


the do not haves a common least one error will exceed the 
_ computed probable | error. _ To obtain a solution, | gradually i increase the widths 

fe of all bands in the same ratio until there is just one point common to all. In 
: _ either case, the common point will be the intersection of the edges of three 
bands. If two of these critical bands are nearly parallel, the solution can 
me usually be improved by letting these two nearly parallel band 1 edges determine 
; 4 their median as a line locus; then the width of all other bands ¢ can be decreased 
“gradually i in proportion to their normal errors until the common area of these 
remaining bands has only one point on the determined line locus. This adjust-— 
: a have increased the departure from the nearly parallel bands by a 
small amount, but will have decreased the departure from most most of the other 

Equation (18) can can be used for “weighting a series of 
( a four-or-more- -point system. The relative strength of different 


ee figures i is found by a 6” constant; and, since constants are unneces- 


obtain the absolute position error from a observation with 
“only two angles measured (such as Angles a and @) compute Nz and N,» from 
q ation (18), measure or compute $a0, the acute angle between slope tangents, 


and | from Equation (16a) or the 


; , and 6, were measured, the probable errors 0 of each 


acen are oS and there would be three solutions for Equations 
If the angles and probable error are balanced, the three 
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June, (1988 THE THREE- “POINT PROBLEM 


ile 


en ition error is the greatest of the thi three semi-diameters put 


= > by ese | ° 

Nae te. ocal relative ‘Strength of the three- -point 


was 


— (Court House) 


cat 


Plane co- -ordinates were taken from the “Map of San Diego Harbor, Calif., 


Harbor Lines, of the U.S. ‘Engineer Office, dated September 24, 1927, which 
data had been computed from the U. Coast and Geodetic Survey’ triangu- 


lation of many years before. Angles v were turned with an engineer’s transit 
—Basic Data AND SOLUTION OF Equation (3a) 


Hotel del Coronado. 
Point Loma Light House bee 
Administration 
Theosophical School. . . 

Court House. . . 


31’ 52” 

64° 02’ 40” 

71° 43’ 05” 
119° 18’ 1 
256° 43° 
351° 05’ 


SE 


oun 


with a 30” ‘vernier. 


tog 
ed 
| 
res Fig. shows. nositions of seven snires observer ¢ om Point 
| 
ale taken arbit 
the 
ths 
vith 
im 
nts, 
the 
— 
—16 850.1 | —28 687.8 | —19 319.6 | — 3 — 
— 2196.7 | —14417.6 | — 4666.2 | +11 
20b) —19 543.7 | —11 587.1 | —22 013.2 | +14 
EB | +13 228.2 | —14 985. 
| + 59414 —20 033.7 | + 3471.9] + 5 8 
rror | To illustrate the method of weighting, repetitions 
te ange from 4 to 20. The basic data and | the : 
Tormation of Equation (3a) are given in Table 1, 


om. — 


cot +0. 2360829 


2248.39 —15 260.9 


= — 2539.95 


=(—0. 3958345)? (-3 312. 6242. 3199641 x15 266. .29) = +5 090. a1 

3199641 X5 03 030. 31=+11 670. 7 
eg foregoing outline would complete the solution if no other signals had 
been observed , and | Equation (13a) would give P = East 7 499. 81, ‘South 

13 971.36. From Equation (16a), = 2X11 670.14 F (= 15 266.2) 11 670.14 + (— 15 266.9) 


— 1.6563; and, od, similarly, = +0.211; and, = — 0.945. 


: From fieid ds ita not given, the probable angular errors were computed to be: 
4 a” = = 4, 7; 5.9; and = 7.6. By sealing Fig. le 700; 
800; nd OD= 13 600. Then, from Equations (8) 
19): Ye 036° ft. Similarly, ‘Ne 142; 
Sp = = 0.0 00020; and, = 0. 00071. 


in D E is the ‘strongest figure, but the | 


greater accuracy | used i in the e angle in POD gives the 
sure 


= 70. 8°; dao = 15.5°, and os = 55.3°. “rom Equation (20a), 


Aap = ese 70.8° 10.036? + 0. 142 + 2 X 0.036 X 0.142 cos 70.8° = 0. 177 
ind, aluiilnsty, ad = = 0.322; and, Age = 0.220. Hence, if only’ two of the three 
anuien es are to ber measured, a ‘and B would id give t the greatest accuracy. = With all 
‘ three angles measured, the position error is reduced to e oie = 0.142 esc 70.8° 
ir 151. | For comparison with other three-point sets, the relative strength of 


= 0. 00063 sin 15. 0. 


select the strongest Bure by It may be of interest, however, to 
W ith 


— 
1 
— Ye, a, and B from Table 1 
— Given: xa Yd, Te, Ye, A, ANA P, = 
| 
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= 
— 
— 
— 
— 
— 
— 
a 
— 
— 
— 
— 


% 


Strength,|| Sig- error, 


+ 0.120 


Normal] 
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position- Note that t two distant points (such as Points A and 


give low precision, but that either one combined ¥ with a near point gives great 


Data lor thirty- five independent s of these twenty-one circles 
in Table 3. Certain three-point sets may be rejected from 

NTERSECTIONS 
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consideration: (a) Because of large departure of co-ordinates in Columns: (2) ae 
and (3), Table 4: from the approximate centroid at E. 7 499. 5, S. 13 971.0 0 (note SB 
that AF is 30 ft away); (6) all intersection angles : are e small 


[of are error able | Strength, 
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Papers 

note O A F, OC F, A LB E, BD D (©) of the error 
Column (7), Table 3, or the low figure strength i in Column (8); or, (d) because of - 


‘combination of Causes (a), (b), (ec). if all: angles 
to nearly the same ‘precision, ‘figure strength i is the easiest determinant; but if 


field precisions were quite varied, position error is a better comparison. — mt ‘First, 


however, one must determine the position more closely from the more precise 
ame O D E, D and DEF, giving a mean of of E. 7 499. 62 S. ‘13 971.18 18) 


position errors. In this example, all intersections seem tole 
; ees except for twelve of the fifteen that are dependent upon Signal O, w hich i is 
: __- sufficient evidence for the ‘rejection of all data depending upon 0. i. study of 

large-scale plot of these intersections makes t the conclusion more obvious. 


at __ Eliminating these intersections and four others that have Probable © position 


Bands of the on each of the 


° Positions o of Instrument from 16 Three-Point Sets; 
Solid Lines are Position-Locus Circles 


Adjustment of a Six-Point Set 


n to all. "Tnereasing each band width 


B, and within all other bands As B D and BF are nearly parallel, the 
ae median to the edges of those bands. - By diminishing the width of all other 
bands until the width of each side is 2% greater than the probable error, t the 
# diminished common area just touches the median at P: This point is accepted 
as the solution; its departure from pr position- locus circles is about 1 50 times the 
; 2 probable error for two circles; 1.02 times for two others; and, less than the 
probable error for the other. The least s squares solution, which is too 
long for inclusion herein, distant 0. 03 ft rom and has 


probable error 0. 13 ft. 
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Before concluding, the rejected 0, must be: of Lc Computing 
closing azimuths from P, to each of the other signals, and then Azimuth P, O Pe 
from these and the measured 1 angles, the resulting six values may be expressed ¢ as y aes 
203° 19’ 13’.5 + 4”, 2, with a mean of 203° 19’ 13’’.7. The 
ssimuth from P; to to the given position of Ois 203° 18’ 18" 58”. 9. The difference, 
14”. 8, is 8 the angle subtended at P; by the position « error of 0. . As the distance 


surement of the position-errer projection from instrement point t would 
determine the absolute error, and, thereafter, the station could be used. ie — 

ae should not be concluded that the other six signals have been proved 
“correct. - Any: of them might have had a shift in such a direction that its normal 
projection from P i ‘is small; or ¢ distant signal might have an error that 


= be appreciable u until the si survey sy approached it. ee 
r SUMMARY AND Concuusions 


The salient t features of paper may be summariz rized as 


‘The use of spires, co- o-ordinated by responsible affords a simple 
method of connecting to other systems or controlling spur traverses; __ mete c a 
Pp, (3) If such spires have not been observed recently, shifts | due e to several eh oe 
causes should be anticipated (use of a a fourth spire affords a check; and, 


spire will serve to eliminate one which i 


(4) Methods of analysis of four- -or-more-point systems been ‘outlined 


“fully (the experienced | computer may for formulas: 
expressing relative strengths of figures); and, 4 


The graphical method compromising intersection errors by repre; 


Allen, Assoc. M. Am. Soe. C. E. . and appreciation is ‘expressed for his co- | 
operation . The field observations for the sues ve stile were made by 
Erie V. A. Jun. Soc. 
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—This “Sinan was poensnted at the meeting of the Highway Division, Detroit, Mich., 
hy 21. 1937. Written comments are invited for immediate publication; to e publication th last 


uesion should be submitted b 
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Joint Responsibility of the Automotive and t > 

By C. F. Kerrerine, M. Am. Soc. C. E. 
Trunk-Line ‘Highways in Metropolitan Areas 


ny roads iilien away from the p he place it was so small. es was late in the 
afternoon and he wanted to return home before dark. Driving along a a little 


si stream bed (which was the only road there was) he overtook an ad | gentleman 


es a donkey hooked to a stone boat loaded with milk cans. — Question: ai 
“Neighbor, what i is the best way to go go to Cincinnati ‘from here?” “Answer: ‘ind 
“Go right up to the forks in the road. New ow, it don’t make much difference ‘per 
which fork k you take but, to tell you otter wah, Stranger, if I was ‘going to Cin- the 


cinnati I wouldn’t start from here.’ Sometimes people g¢ get to thinking like 


o old Kentuckian; but they ‘must. first re recognize that, whatever their “des 


tination, they must start from where they a are. 


The leaders of the automobile industry have aoa been able to ) predict sul 
what the industry offer the public. two } years advance. If they knew 
mr Ly what the car car of ten or r twenty- five years in the > future was | going to to be like they th 
would be making it n now. we To afford si some idea of what the future might bring 
without taking all the responsibility up upon his own shoulders the 1 vriter asked. = 
a8 number « of mer men, holding responsible positions in the automobile ‘and allied gin 
~ On some e questions they Ww were almost u unanimous in | agreement; on on fa 
they had entirely opposite 1 ideas. All the vi various prophecies and pre-_ 
= dictions ‘made in the the past have t been studied and, w ith these, ‘the writer has tried * 
pr present, in some e kind of complete picture, the requirements that will be 
demanded of those ose who will supply roads: for the automobile « of 1960. ; th 
All one can do now i is to determine conditions a as they day, what they | 
“were yesterday, and, , by projecting sa line through the two known points, reach ff x 
ome idea . of what the e future may hold. It is an excellent idea for the road to 
builders and automobile makers to get ieanthes: and exchange ideas concerning , ps 

their ‘mutual problems . After : all, the , vehicle and the road must form a com 


wm 


plete transportation system. Each one is dependent upon the other for the 
success of the whole. AS Civil engineers have the most difficult job because of 
Sle time factor. They must build a road to last twenty or r twenty-five years 


for vehicles whose average life is only seven or eight years. Before a road is 


tor, Gen. Motors Corp.; Gen. Research Div., 


De Mich. 
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one- third used up, thane is an entire of motor vehicles. with 
their ne new requirements; and before > the e road is for replacement. th 


ay 


> 


requirements | have changed several tim over. Ke The aim of this paper is t yp 


= predict what changes this time factor will demand so that civil engineers can Rat 


‘The areatest involved in all thinking is to determine the time rate 


. of action. _ The t time rate of gravitation is known. If a man | jumps from Ber 


E window the time it will take for him to hit the sidewalk: can be computed. TGs 


ti There are other natural laws which are just as fundamental as the law of gravi- 
tation. Each of them has an n entirely different time rate of action, and these _ 


An interesting incident: ‘occurred in connection with ¢ the fishing 


industry in one of the large rivers of the United States. | The industry \v was 
persuaded that it would be a good thing to have a salmon fish hatchery and, a 
therefore, two or three of them were built. . Fish hatching was begun, and the Bees rs 


product | sent out, to return again after | the proper cycle. ? One year, one of the 


hatcheries burned down, and there v was an immediate dian for a new one 
- People went to the authorities to ) get an emergency appropriation for building 
al new fish hatchery; but the time rate of political action is not that fast. The — 


subject I had to be discussed and the hatchery was not built that year. Some 
of the opponents argued, ‘ ‘they had just as big a run of salmon the 1 year after 
_ the fire as they had the year before. .” The result of the delay in building 
that, when the proper year in the cycle came around, the salmon catch was 


small because of the absence of the product of the ehatchery. This has 
s some other problems, such as road building. — Eight or ten years ago en- 
gineers missed something; so “the run is not so good” th lis year. “This time 
factor must. be studied so, that — will not recur. — _ Maybe the 


place to start is with the politicians. 


ey The writer belongs to a group of men who believe t the» w orld i is not finished. im 


Nothing i is constant but. change. a Men work ¢ day after day, not to finish things, 
but to make the future better. They want the future just as nice a a place as 


they can make it it because they will spend the remainder of their lives in the 


Many things n need to be torn down and thrown away. The country needs +o 


be rebuilt and made better than ever before. The economists and bankers __ — 
say, | ‘Where are you going to get the money?” The money will come from the a, Ba 
Same source as when the country was built this far. There was no money with 
which to start. All that the people did was to dig each building out of the eo 
: ground. It has always been here in the country, only i in a different form. a 
- _Man-hours- can be used to convert material into anything t that Man needs. 
7. An \n intelligent, people will supply the work. . When materials ar are converted into 
4 human n utilities money is only used as conveyor t to carry it from one point ae 
Sometimes, | people calculate e entirely too much in dollars. The 
4 Wealth of the nation is not in dollars; it . 
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trade. That must always precede the return flow of money through | the 


In preparing this paper the writer sent a list of eighteen questions involving 


ee that might affect road requirements in 1950 or 1970 to many people 


Ne who it was thought might have valuable information on at least some of them. 
_ Their opinions were requested on any particular one subject upon which they 
in on had information; or, if they wished, they could comment on all eighteen. ~The 


5: upon which th estions wer 
Growth i in registration 1 of passenger cars. 
Grow th i in registration, use, etc., of trucks, 
ae Vill railroads pick up and deliver less than car- -load > peel 
(3) Growth i in registration and use of buses. 
ill buses supersede wirent cars in cities? 


of p passenger cars, trucks, and 
(©) Size and weight of road vehicles. 
(a) ‘Will this make segregation of different types of traffic 
tony: The i teens of other types of motive | powe er, er, such as s the Diesel | engine 


Lighting on the vehicle and highway. 


(10) The future of tires—changes in coefficient « of friction, ne = 
ay Possibility « of high- speed trunk highways and Risa truck highways. 


hon travel be overhead. or in “congested areas? 


r cities or Ww ill the back to. 


s of the driver? 


in cities be 
t road 


of chem tating or 

+ The intahie growth i in population i in the United States for the next 25 y 
s quite omy to > genie and such predictions s have proved reliable i in the past. 
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In Fig. 1, ( Curve (1) shows the sini grow th from 1900: to 1930, as taken | 
from reports of the United States Census Bureau. From 1930 to 194) the ‘ 
probable future population is shown as estimated by the American Petroleum 7 
Institute. ‘The data represent the averages of five estimates from life i insurance 
companies and others. a Passenger- -car registrations are plotted a as Curve (2) ak a 


with | the estimated i increase per.5 5-yr period to 1960. _ The estimated number « of = oles 


persons per car is plotted a as Curve (3) cS Registrations i in trucks are estimated _ 
to increase to 6 000 000 ) by 1960 ) (see Curve (4). - Curve (5), Fig. Al, shows the | a 
total estimated motor-vehicle registration by 1960 as more : than 37 000 000 ee 
vehicles. _ ‘The ‘Tegistration values ¥ were estimated by the American Petroleum 


enger 


= _ From the | foregoing it is apparent that engineers w “ill have to pro 


vehicles in the next 23 yr. pte: many main pay are 


vi 


of cars per mile of as follows: 
Area, in square miles» 
per mile of Toad 


June, 1988 | 
June, 
ing 
m. 
ley — 
— 
i 
| 
7 


Moron TRANSPORTATION 


would almost prohibit ‘much of the usual the optimum 
be is not known, but it is that more improved highways are 

wy Almost all those who answered the questionnaire believe that the population 
trend is away from congested a areas. Railroads, unsupplemented by efficient 

highway transport, caused concentration of population at station ‘points. 

; Automobile transportation ¢ counters the railroad influence, and provides eco- 

nomic and social communication facilities, at greater distances from, and inde- 
pendent of, rails. Man has an feeling for open spaces and a plot of 
ground, which he cannot lose entirely. There are a number of indications that 
Pponaneesst is away fr from cities and back t to smaller communities. Several large 
manufacturers: have | definitely committed themselves to ‘a policy of erecting. 
new plants in in small towns. of the largest retail companies, with stores 
_ over the co country, is opening or building new stores ‘only where large parking 

s can be obtained for the | use of its customers. _ Traffic congestion and the 


forms 


: a comfortably and find most of their needs cared for in small. aS 
oe There are those 1 who predict the ‘ ‘string” or ‘ “ribbon” ’ city. This is an 


almost continuous population | existing on both ‘dine of a trunk highway. The 


‘beads of different sizes es strung ‘upon it more or less erratically. “The 
beads are the large centers of population. . They « are certain to develop because 
of the need of centralizing large financial institutions, railway centers, ports, 

costly public facilities, such as w water-works, gas-works, museums, libraries, and 

_other agencies which have grown with lange cities. Small “beads” will develop 

‘ at strategic points and will consist of all gradations between the large city and 

hee believe in the increase in tidbilianii and number of small > 
ties which would be supported by a local industry. _ Each town would have at 
least one factory. - Because of the greater amount of leisure which every one 
has, residents of small cities would be able to have plots of ground for cultiv ation 
and would raise part. of their food requirements. = This would make them less 
4 lependent upon manufacturing for their living. type of rural life w 
_ make highways doubly important, both for pleasure and commercial use. Ay i 
There others who believe that faster means: s of "transportation from 
“outside into the center of ‘large cities is coming. - Workmen could live distances 
‘Ss great as fifty miles from their work. © Homes would be situated on large 2 plots 
‘in the open countr A The city: would be for work, business, and commerce. 


To accomplish - would require high- agg limited-a -access trunk highws ays to 


highways er crossing it in ‘every y direction. 
local travel. 
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arkir rio inconceivable that 
motor car owners will long to park cars almost bumper to bumper along 
busy city streets and suffer the damage and i inconvenience which result. The % 
traffic capacity of the present city street system could be almost doubled by a 
eliminating parking and using the streets for travel only, asthey should be used. = 


* Experience seems to indicate that drivers and store owners have u uncon- 


sciously, but effectively, accepted the idea that cities must 


of their citizens. only r regret in the of average person seems 
that he has not b been able to find any method of placing more than two > curbs x 


along a given street. The people in Detroit,  Mich., have even found a way 
Accepting the idea that cities must space, it would seem far « 
for them to provide parking lots than to : supply expensively improved streets 
for parking perpeaes. If it is right for a city to go so far as to condemn and Ps Bs, 
acquire strips from ‘ha: front of existing lots, and even buildings, to convert poe 
these strips into additional highway widths, to pave them expensively, and then a ‘= 
to have large parts occupied permanently for parking, w hy is it not legitimate _ 
and much more e logical to condemn cheap but well-located property for con- 


tis _In residential: areas there is a grass plot t betw een the sidewalk and the street. 


an 

Phe Why should not this space be » used for parking instead of the traffic area of a 
ith street built for heavy There even city ordinances prohibiting such 


‘Parking garages, separate o the building they 
‘aes to serve, are growing in number. co Every large building should provide | 
adequate parking space for its tenants and customers. a Several well developed — 


“means of doing this are in use. — - Double-decked or triple- -decked exposed parking Ess 
lots may be necessary in pe areas. — _ However, the problem of parking is not — 


bi one for either the automotive engineer or the civil engineer to solve directly. 

me What ‘possible changes in the passenger. automobile might affect road 
ion _ Tequirements? _ The car | has, in no way, | reached a state of i standardization a and 
ess - there | is no indication that it will. The car of ten or tw enty-five years from 
ud “how (1938) will be just as | different and. will have just as many ge sae 
they have, had in the past ten ‘or twenty-five years. The 1937 car will 
om seem as to those who it in 1960 as the 1912 | car does 
ces 
ots 
ce. 

to 8 yuyer ry piled out a brand new 1912 car just as it came from th 
sed 

for i Hen be obtained. Su 


($2 000) marked i in gold | letters every one could see. the years: 
The second year, ‘its 
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had to $1 800; and, as each year passed, its value 
— untili in a short time (much less than the twenty-five years since it was sealed up) 
only the junk man would value it. _ Why? ? Remember it was sealed so that 
nothing could happen to it—no rust or corrosion, and no wear. The car re- 


Ke - mained exactly as on the day it was ; purchased; but. what changes there have 


sin since 1912 in the i idea. as to what an automobile should now 


mention. a buyer were to do the same with a 1937 ‘now, he would surely 


bar | It is not possible to foretell exactly what the car of the future will i like. 
ia There are so many factors that might enter at any time to throw such prophecies 

out of line. — Iti is feasible, however, to discuss some of the problems automobile 


engineers are talking about’ and experimenting with; questions” they think 
which to time and effort. The requirements for 


ah maneuvering and controlling: the car, for example, are closely related to road | 


conditions in many instances. "These items are affected by such factors as 

steering, ‘‘hill climb, ” top speed, v vision, lighting, riding” quality, ‘and ease of 

control, all all of which ‘are directly concerned with the sa safe e use of the roads. bis WP 


1928 1929. 19801931 1932 1933 9341935 1936 


Engineers do not always think af engine design a as having anything to do 
irectly a road building and safety, and yet the power source may profoundly 
pe = surface upon which the car rides. performance 
From 


usable maximum speed has reached and ‘that engineering ¢ em 
- phasis will be ye placed « on other factors in the future. . Customer research s surveys. 
have shown that people, on the average, do not want to travel much faster | than 
60 miles pe per hr; but they: want to | go that fast without effort. Certainly, roads 
: should not be designed for any | less than 60 miles per hr. Other authoritative 


: sources of information reveal that speed i is an inherent re reason for the widespread 


_ As roads and cars s become better, pede may increase 
4 still further and with m more safety than at present. . Fig. 2 shows the trend in 
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though t the question of maximum top speed may be controversial and may 
- depend upon how safe the highways are made, every one insists that a higher — = 4 
"average speed should be maintained bety een cities. This indicates t the need for 


| limited access, ‘separate lanes, and Toeations to pass around cities, 
some of. the requirements. ‘These hishways. are necessary between main 
centers now, and their requirements will not depend upon changes in the vehicle | 


that may be anticipated at the present time. 


j _ Acceleration and ‘“‘hill climb” are closely akin. _ Acceleration ons will probably 
increase. _ This ability i is important in “getting away” from a stop a and increas- 
| ing to traffic speed, to pass and return into line in a short distance, and to cross ae 
intersections without delay. B* It will affect the timing of traffic lights and ae 
regulating devices. now ‘appears that any passenger car will be able to 
negotiate 10% grade Ww ithout losing its speed. Undoubtedly, the trend i is for 
the performance of trucks and buses to y equal more nearly that of } passenger cars ae. 
‘This will undoubtedly be true in the f future. 
@ The ability to: stop is of m major r importance. Here i is a problem that civil, 
as well as automotive, engineers can do much to solve. For its part the auto- 7 


mobile industry will offer better and better brake equipment as it learns more Rate 
and more how to do the job. 4 However r, the coefficient of friction between road — 
tire will always be the limiting factor in ‘stopping distances. Aithough 
- something ma may be done with the tire to increase the coefficient, the road. surface pet Se aaa 
seems to offer th the greatest possibility for improvement. Everything 4 


possible should be done to increase this factor, : and it might be well to include “eae ra 


minimum limit in road specifications. To show | how much this may vary on oon 


different surfaces, the writer has ‘computed s stopping distances from 50 miles = : 


Distance, in feet, 
Coefficients” od to stop from a speed of 


= of tristion 50 miles per hr 


60.9... 


The larg ge variations Surfaces and materials vary the tri 


tion ¢ characteristics greatly and | warrant | important consideration in oe 
roads. The change with weather conditions also is of great importance. 

There i is little that can be done with the tire to give higher values compared to 
the large variations encountered on present- “day | roads, At a coefficient 
about 0.6 is all that can be relied upon in mp brakes. ir 
‘The size of passenger cars will be determined largely by the space required 
2 to house se the passengers. Probably this will not change very much. Road 
clearances of a little less than 8 in. have been common for a number of years" a 


and it would seem that nothing now being developed would reduce this value. = & ‘ 


important in building alley intersections, intersection s street 


Grades, and driveways we door clearances, appar antly, ¢ are here to sta ; 
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MOTOR 
‘must be account in constructing curbs. The height of 
ae center of gravity has : a bearing o on on the capability of the sane to “hold the 1e road, ' 
_ For a number of years it has been about 24 in. above the road. _ Any lowering 
only slightly affect roads. ‘Turning radius i is important only i in parking. 
This value has averaged about 26 ft for some years. 
What will be the effect of the engine in the rear? This subject seems to be 
much before the public at present. There are some good reasons why this 
2 design would be desirable and some, equally good, why it might not prove so 
feasible in production. a rear- -engined car would provide better visibility w with 
clear vision directly ahead . It would probably eliminate much engine noise, 
heat, and odors, ¢ and allow lower floor- boards. However, maneuvering, p par- 
_ ticularly around a corner, ‘Tequires: an almost equal distribution of weight on 
the front and rear wheels. — si Toa accomplish this in a a rear-engined car of notary 
able wheel-base will require al an | engine | of about one-half the weight of the present 
= units . The rear-engined car with acceptable. handling characteristics must 
await / power plant and drive developments. Even with a rear-engined car, 
‘road requirements would not be’ ‘changed materially unless by 
{ne rubber tire is one of the most important factors that made t ae anil 
eresting to note that Mr. Dunlop 1 was not thinking 
of automobiles at all when he > developed the pneumatic tire. ‘He under took to 
a better tire for his son’s bicycle. He took a wheel put a canvas 
it, and inside | inserted | a ubber sabe by a pump. That 


“beat a champion because h he used pneumatic tires ‘and the tilegls trade took 


up. | When the. automobile came along the tire was ready. 


if he does not set that many. Et One place where tires may be greatly improved 
in blow-out resistance. one proving ground tires have of often been blown 


not recommended, of ‘course, as serious by blow 


The trend in tire development is improvements in compounding 


tire is being produced wl which hen a strong: rayon cord that maintains its strength — 
a high “temperature. More than 20 000° tires have been produced and 
500 000 000 miles of wear imposed on them to be sure that the development is - 
sound one. Ki The outstanding characteristic of this tire is its freedom from 
carcass failure and blow-outs, particularly where trucks and buses are operated | 
high speeds and under heavy loads. company cited tests by which these 
new tires outlasted the “specially: constructed test cars themselves i in runs at 
120 miles per hr over the salt beds of Utah. ee It seems that the tire chemist has 
scored again and motorists will not be limited i in n road § speed by 
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‘1988 Moron TRANSPORTATION. 


a Tei is not difficult to conceive of mechanical devices on Fiseiit and | highway: 


that might. act to reduce the accident rate. Photo-e lectric cells, relays, 


ICAL 70 Contnot Cars” 


mechanical devices have been proposed f for stopping cars automatically. 


perry 
could be done i ina practical 1 manner just a as is now done on railwa ay trains. . It - 


enfor in use e of such. devices. 


peed | is | to be. the of the 
However, the public | would not allow the designer to govern the speed to les a 
than 50 miles ‘per hr. Only a very ‘small percentage of accidents happen “ % 
“greater speeds. _ _ Limiting the speed to 50 miles per hr would not affect accidents — > 


‘int the city, where maximum speeds seldom reach this value; and it would only a 
"prevent ¢ a few accidents on the open highwa ay. y. Many s surveys s have shown that — Sn 


- the erage speed i is less than 45 miles per he on good roads and only a small oe 


"proportion of cars travel as fast as 60 miles 
_ Automatic devices that limit speed or take the control away f from the driver — 
may be the cause of accidents. _ It is often necessary to accelerate rapidly to ae 
increase the to avoid trouble. 5 
Bes —Ro ap or VEHICLE? 
eer oa agree on one fact: Night-driving conditions are far behind day- — 
time conditions, | and for one -reason—lack of adequate lighting and glaring 


headlights. ‘Many studies have been made on the relative accident rates 
between day and night driving. — Most authorities + agree that night driving i is 


- three 0 or four times m more hazardous than day- time driving. bs - The future must ae 
avoid this condition. _ Here is a problem which both groups—the automobile bs 
‘industry and road builders— —will have to solve individually. . It seems logical 
3 that many miles of congested highways, especially between large centers of 
population, could be lighted economically. _ The first cost and the upkeep are 
high; and, with any electrical equipment now in ‘prospect, these items make it ee 


to light all highways. ‘It has been estimated that the upkeep alone: 
of the lighting for roads in the United States would cost more than the total h BS; 


annual expenditure for roads i in the entirenation. | 


= iB However, r, the writer would like to outline what has been done in the past _ 
¥ generation in lights for other purposes. | ‘The present tungsten incandescent 


lamp is about eight times more efficient than the original Edison carbon n lamps. — 
The new sodium vapor lights are said to give nearly three times as 1 much +) 


illumination as the best tungsten lamps. It does not take a very good prophet 
to guess that this progress ; will not stop. . The fi future will ll certainly see vast 
mprovements in methods of producing light with small expenditures of f power. 


new ‘methods will surely ‘be found for producing light without the 
heat loss now be firefly, deep s sea and 


wh w hich may prove to be 
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4 que. Already, a few unrelated facts are Kno 


n thick 


; has often given, he pours two compounds together. 
a Each is almost water-white and inert. _ When they are mixed, they create a pale | 
i Er blue light, ‘strong enough t to permit reading ‘& newspaper in the dark, whieh 
persists for several hours. — _ What this. means for the future is difficult to ‘say, 


ie but it is well known that many of the greatest industries are founded upon 
scientific facts as simple as this one. 


aes t some time to come it seems likely that illumination on most roads 
vill be supplied by the automobile itself. ‘The problem is to obtain good 


vision without glare; and this the automobile engineer is working | on all the 
time. the crude oil lamps of twenty-five years. ago the modern car 


ie has now progressed to fairly effective electric lights with several beams to suit 


“varied conditions. . This lighting can be > improved still further, but how to do 
it is the problem. Since 1918, ‘experimenters have tested thousands of means 


of eliminating glare, , Which would still provide adequate road illumination for 


Only one solution has received widespread attention; that is, the use of 


polarized light. At first, this m may seem to be the answer to the question, but 
there are still many problems to be solved before ‘it can be utilized on a car. 
an ‘In this system : a beam of polarized light i is projected upon the road by a head- 
_ light which has a polarizing screen in front of the light bulb. . The oncoming 


driver views the ‘road through a sereen in or special glasses 


the | ) oncoming car, but the light from his own lights is little affected | by the 
sented soreen. Glare is practically eliminated without much reduction in 
oa m. The objection to the use se of polarized light is that it requires 
hin four to eight times the candle-power light of present ‘systems to give the 


same visibility. oy To be effective, it would have to be fitted to all cars. i The . 
expense of the screens "themselves is high, would 


‘of colored lights. Every car would be equipped with headlights é 
roducing : a beam of either one of two colors, together with viewing screens of a 


these colors. Suppose the two colors were bine and orange-red. Cars: travel- 
ing north and east, for instance, might be required t¢ to a the road with | 


the blue light and would use their blue viewing screen. ef Cars traveling south — 
and west would use the orange-red light and screens. The colors would be 
selected so that the blue screen would transmit “alinds isl the orange-red. and 
- the orange-red screen would transmit none of the blue 1 light . This would 


eliminate | glare from oncoming cars ¢ although it appears that the efficiency of 4 

oh ie problem i in road esend closely akin to illumination i is road color, and 


4 "brightness, and their effect upon visibility, both. day and night. This i is prob- F 


ably one of the minor considerations in selecting road materials aad dps: 4 


should be given some | 


we 
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and rear, from ‘the driver’ seat is an important subject which has 


increased interest, and to much better visibility in the future, 


reflections, “sun-glare shields, shape, end many other con-— 
siderations are involved. From the standpoint of the road , good highways 
signs, elimination of blind corners, location of signal lights, center lines and a 
and road color are problems of ‘importance: to driver, especially 
There: will be a great expansion in the use of trucks and buses in the future. — 
From the road- builders’ standpoint the size and weight of the vehicle will be — 
‘ important. ¥y Almost e every one agrees that this factor will be settled by law 
that maximum sizes and weights will not exceed present limits. The 
trend seems to be toward 1 many more smaller, faster, m more mobile units. tag, rae’ Oi 
‘ There | will be a tremendous growth i in the use of buses, , especially to replace — 
a sane. cars . Although buses cannot supplant street cars entirely, i in all die, 
it appears that there i is a certain population | below which buses can take their ie ae 
place. It has been estimated that this size is between 100 000 and 200 000. es a _ 
For large cities, and particularly i in cities in which there are - arterial | highw ays, a 
te street car will remain the backbone of the transportation system. ee». pe 4 
Bie - The records show how rapidly the public has accepted the motor bus in a 
- cities and, in the final analysis, their wants will always control. — In 1922, only — 
18 cities depended exclusively on ‘motor coaches for transportation. Within 
a period of 10 yr, 300 cities were using buses exclusively. _ To-day (1938) t the Pe 
arene is well over 420. During the past five ye years 75% of equipment byeeht ; 


a 


_ For inter- -city use the bus has shown similar strides forward in the twenty- 
e years, 1913-1938. _ Passenger se service | is supplied by b buses in 48 500 com- 2 
a munities in America which are not ; served by rail lines and are totally dependent » es 
on highway transportation. These are the modern “ost Provinces” which Re. 
have again been discovered by highway transportation. several mid- 


western States, from 20% to 40% of the communities come under the heading e 


3 The public has s “sold” itself on the value of buses, and their s speed, « economy, 
| convenient schedules. Comfort, appearance, Speed, acceleration, “hill 

climb,” and safety have shown marked improvement in the past few years and " 
limit been reached in these factors. ‘The trend has been toward 
large units, , Seating more than, n thirty but of considerably lighter 


bus has definitely found a in the transportation sy the 
United States and will have to be provided for in any future highway program, 
. ‘Statements that the truck will eventually drive the railroads out of business _ eas 
only come from those not sequainted with the problems of trucking. £3) 

“long haul” in truck language means a ‘ “short haul” in railroad language. At 


resent , the t1 truck is ‘not ec omical for ‘distances — than 250 
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‘oon or for other than the higher grades of freight. 


Railroads, themselves, are using trucks i in ever- -increasing 


Kind, their ‘maximum size limited ‘by laws and 
The p possibility of separate highways for commercial vehicles presents many 


oe problems, n most important of which, perhaps, is th the cost. Int most instances, 
nit the commercial development that has come in the wake of motor transportation 


has been along t the present highways. Even if separate truck highws ays were 
“constructed, it would still be necessary for trucks and buses to use present _ 

“S highways to serve the industries and business places along them. 2 If separate 


ait 


highw ays are necessary, in some places, be constructed for 


: 
. 3. Mopzan Two- Diese, ENGINE 


s ror Motor’ VEHICLES 
he Diesel engine | is not new; ‘it has b been i in use | for more than forty } years. — 


a ‘Until given w ride its use on the ‘streamlined it. was | little 


ome 
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“many of the the railroad companies have trying to antes for 


“years. _ Passenger trains have been able to maintain faster schedules than they 
ever t thought possible at a great saving in operation : and fuel cost. Full- length — a 
trains have reached speeds exceeding 120 miles ] per hr. . Time for upkeep in the a : 
roundhouse has been reduced one-half. _ Water is not a problem it in dry, alkali pe 
areas be because the loss of cooling water is negligible. 
pide Diesel engine is here to stay and will ‘soon be common in large motor — ; 


vehicles. Cross-country, trucks and buses ¢ can now be obtained with Diesel 


of power plant. ‘The that save one-half ‘the fuel cost t needs 


~ some explaining. One of the largest existing fleets of motor vehicles has | . 


early gasoline bill of more than $2 000 000. To save one-half of that ; sum 


eed be well worth while; but to do s so, it would be necessary to ‘spend m more — 

the original equipment. costs considerably more to make the Diesel 

eng ngine, , principally because of the expensive fuel injection ‘system. . By driving — ig 

_ enough miles in a year, ‘it may be possible to pay the extra first cost of the Bs 

3 ‘engine by savings i in fuel, and still show a profit. This makes the Diesel engine - “uf 

~ possible in commercial vehicles, but not necessarily f for passenger cars. ae 

The main reason, however, why Diesel engines are not built in. passenger 

ars is that one knows: how to. build them. The writer has never seen 

successful Diesel engine in automobile cylinder | sizes. The larger the engine 

_ size (see Fig. 3) the easier it is to make a Diesel engine; and the smaller the size, 


the easier it i ist to make a gasoline engine. ne bus are re still 


ged 
house-trailer. Estimates to the vi now on the: road, but it seems 
that there are several hundred thousand trailers, housing several 1 million people. — 


A conservative « estimate. is that 100 000 new ones were produced in 1937. 


it must be remembered that trailer construction as an n industry 


one- “half of the count 


a 4 trailer life. ie A stock bus was fitted os for living purposes and a party of seven 


took an 8 000-mile trip through the West. Traveling \ was surprisingly com- 
“ined and the accommodations, in many cases, were better than could be 

‘obtained i in the country through which the party traveled. _ The present trailer — 
much better: ‘equipped and can ‘find places than it ‘could ten 
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“MOTOR 


oh 


ome of of several 1 rooms, & home that ean | be moved when pres head of the ae 
changes s locations of work. There are now several designs of expansible trailers: 
which make three-room or four-room bungalows | complete with all modern 
conveniences. They visualize a working population housed in these mobile 
homes, which can ber moved from place to place as working conditions change. 
‘The owners - would rent small plots of ground on the outskirts of industrial 
areas, where they could raise their own food, be out in the open country, and 
use» the car for transportation to | and from \ work, © They would have all the 
benefits of « owning their own home in the country, but would not be tied down 
because of high ‘mortages or ownership o of f stationary property. Land could be 
rented from farmers and a new type of community life developed. After one 


studies some of the plans of these mobile homes, it becomes apparent that there 


the 


Co = 


| me 
are possibilities in in 1 this: field, especially when it ; it is realized that 80% | to i of 


‘yet The small present type of trailer may serve ‘purposes. makes a satis: 
factory temporary ‘dwelling for vacations and it can be used as a sample display 7 
room f for commercial products. With the trend definitely toward more th 


and earlier re retirement of men in — it i is certain that some effect will be 
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Almost, every one can remember ‘the old when ‘commercial salesmen, or 


along came the automobile, and they could cover as much territory ina ae as * 
they could before in a w eek. Now another chan nge is appearing in methods of | ; wee 
‘selling—the display trailer. It is doubtful whether any one conversant with +f 3 
‘the he problems of commercial ‘selling will gainsay the advantages of display 
trailers as an effective tool in the hands of the salesman . To bring an a 
he show window to to the prospective buyer. has been the ideal of “many a sales man- 
vn ager. This is exactly what the display trailer is accomplishing. 
be I of the house-trailer to display use is certain to nee some far- -reaching effects — 


At present, products in trailers range from 
medicines for pre-natal care, and obstetrical instruments, to caskets and 


ligious | instructions. . Such vehicles have the advantage of full-line displays, 
privacy, mobility, and spot delivery of small articles. ‘They ecome 


Rubber-tired transportation is ax an part of modern life and com- 


many changes i in the use of this new means of as the past. It 
has been the e experience of the past that the second twenty-five years” of an 
‘industry a always shows the greatest progress. The motor-car industry i is only 
under way on its second twenty-five years. will make more use 
highw ay transportation as better, and more adequate, roads are provided. 
Assuming that | the trailer is here to ) stay and that its production is only | 
3 in its infancy as an industry, road requirements will be changed to supply these 
“new needs. Highways will have to be wider, with wider _ Many 


ing Will there be private ventures gasoline stations 
others, | mn will communities provide the : space as they did for tourists us using» 
tents? Combined with these questions are problems of water supply, power 
and sanitation as well as social problems of for children, 
taxation, effect: upon the birth rate, police and fire protection, and a host * Tee 
appears that trailer will fall into five general 


Sy 
m the present 
the of the future will be from the pr ‘present ‘automobile. 
- thing is certain ; the future will demand change. As an automotive engineer a 
the writer ‘dom not know how the ‘civil engineer will accomplish his results. 
There will be Gn fact, ther are now) certain fundamental requirements that Res 
- have n incorporated i in roads: The best: road for the automobile 
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will the obstructions to the steady flow of of traffic, Whether this 


Means limited-s -access free | ways, = such as Germany i is building i in its Reichs- 
> es, autobahnen, is difficult to state. Neither can one state definitely whether the 
engineer should build elevated highways, longer curves, wider roads, under-— 
ground highways, more grade separations, better surfaces, or create new road 

ae ~ materials, to solve the problems. — Civil engineers are in a much better position. 
Ne to make surveys and to design roads than automotive —- s could ever i 


"engineering problems ‘with which to contend. Probably | one of the 
is to prevent ¢ diversion of tax money collected for roads into other: 


channels. money collected roads should be for that purpose and 


5 pronedap in the United States will be the best i in the world within a few years, 
Men in the automobile industry believe ‘that. a highway system, should 
based on traffic surveys to determine requirements for the types of roads 
de gned to carry traffic safely. Such a pl ld require a primary system 
_ designed to carry raffic safe y. Suchap an wou require a primary sy stem iz 
ae - high-speed highways crossing the country in in all directions. 3 It is ene 


from these would be a secondary system of serving 


eee cities and towns. The third system would consist of land service high- - 


pare The best type of road should er mbody all the knowledge the highway e en- 
'gineer | has at his command for building a safe roadway to carry motor vehicles 


ata reasonably high speed. Where it is necessary, it should be above « or 
‘ground. In any event, it should be a limited- “free way” ’ designed 


43 for the. one purpose of carrying traffic smoothly. Where roads do lead into 2% 
ae _ they: should be provided with h accelerating |; lanes so’ that traffic will not be intr 


rupted by new vehicles entering from the side. Everything should be done 
to make for a , free, uninterrupted flow of traffic. Crossings § should be elimi- — 


nated, ‘curves should 1 be banked, _long- sight distances. ‘should be provided, 
ee bridges should be wide, and all “bo ‘ttle necks” eliminated. ” Traffic lanes should © 
be e separated to prevent “side e swipes” and head- -on collisions. Surfaces should 


be e non-skid. Where it. is ne necessary, adequate signals and ‘signs should be 
installed. entire system ‘should be governed by a uniform set of traffic 


regulations made to fit the new conditions. 


This entire highway system should be paid for by the motorist. “However, 
all the money collected from him in taxes should be used for this purpose. — ‘The : 


automobile owner pays n more than $1 000 900 000 per, yr in taxes without much | 


es ways serving rural areas. a In addition, : a similar system i is needed, in miniature, e 
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veers 


comp 


years 2 almost one- fourth of | his money | has been diverted, directly or inrety, ; 


to other | uses oS. 


isi ever to have an adequate highway system. 
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pct that are relatiy ely 


vehicles, in the 
s and amounts of highway rev 


ling are ‘some of the 


A 
Scientific highway ‘planning administration are necessary to provide 


e Toad-u ~user taxes that can an be 


‘Stabilization of soils to produce foundations of predictable behavior, elimina 


beginning has been made of ays 
nd such work will be continued. Present policies i indicate ‘that their location — 
will be integrated with population ce centers, and that. the layout’ will not be on | 


a 


speculative field if limited to of the unusual, "However, if | 
whole, each of the public “changes 


tad 
large dimensions, and the. of such complicated routine of produe- 


tion, that year- to-year changes in the product a are limited by the ‘necessity of 


conserving the investment in plant, by the requirements of mass ‘production, 
— and by considerations of of time. _ Thus, the change in the motor vehicle becomes 


definitely pronounced over a fairly long period, rather than from year to year. 


2 U.8 Bureau of Public Roads, Washington, 
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is the from in | the number of motor 
revenues accruing to the public treasuries the taxes levied 

upon the motor vehicle and its users in all the various forms have been increas- _ 

ing in their total over a long period e a for the temporary recession during 

First intended and levied for the growth of income 
from these special taxes should permit wets ay officials to build more , adequate oe a> 


and, consequently, more re costly roads. However, because there have been 


large diversions of this income to other p purposes, and because these funds have 
been spread over an ever-increasing mileage, many States are faced with Gey 


Highway research is moving forward steadily on many ‘ ‘fronts,’ with 


"definite objectives. . The responsibility for carrying on intensive stedies,. in the a 
physical and economic fields, has been accepted as a continuing obligation by aa. 
“highway engineers and scientists in allied fields. s. Concurrently, the necessity — aed 
greater street and highway : safety has become a national emergency. 


The These are only a few of the factors that will determine the trend of modern 
highway development, but they a are the most 4 
with the constantly i increasing demand for the construction of new 


! highways and the spreading of the income over a rapidly growing mileage, , 
- highwa ay officials, State and Federal, realized the impossible situation which was a 


“deve eloping and which, in a number of States, was actually current. — Out of Sused 4 


“Ta be was born the State-wide highway - planning surveys w which are now 


(1938) being conducted co- operatively in forty-four States and in the Territory 
Hawaii. These s surveys supplemental studies will present a factual basis 
Upon which to plan the complete | administration of all the highways based upon 
y sound principles and factual data. One of their important phases is the dover 
_ mnination of the relation of the highways to other types of transportation and 
“communication and to population distribution. = 

Beginning with water transportation | and continued by railroad develop-_ 
- ment, the influence of transportation in the past has been exerted to concen- 

trate large populations i in small areas. ‘It is only necessary to examine maps’ 
f of the United States » or any other country, t to visualize clearly the > concentra- — 
i tions of population i in cities which have resulted inevitably from the character- 
‘Highway transportation by motor vehicle is the decentralizing 
: transportation agency. The first notable effect of this dispersing influence is oe 
: the formation of the wide bands of suburban development around the cities. — 
q Even cities of moderate size have developed, within a decade, a suburban band i 

5 to 10 miles i in width (and depending upon topography) partly or completely 


Fug the old city. _The automobile, in conjunction with rail suburban tet. 
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“MOTOR TRANSPORTATION 


_ over- concentration, yet will be of sufficient size to retain the economies of mass 

3 production. Bs, _ Sufficient progress in this direction has already occurred to indi- 

_ cate how inevitable must be this process even if slow. It is reasonably well 

- established that, economy of production can be wie in units of moderate 

size, and the national thought along social lines is becoming a potent force 

decentralization because « of the opportunities “presented for more 

Fi healthful and more desirable mode of life for the workers and their families. 

It will be noted that no conjecture or uncertainty i is involved in these state- 
ments, but simply a recognition of existing facts. The implications are clear 

that the scientific planning of highways and highway systems of State-wide and 
nation-wide dimensions will be the most characteristic trend in highway 


= smaller units that will be free of many of the ome characteristics of 


* ‘Without such scientific administration there w ill be no possibility | of provid- 
ing adequate highways to serve both urban and rural needs, or to keep | the cost 
; of highway improvement, including maintenance, within the limits of revenues 
‘that can be raised by re reasonable road-user taxes. _ This means: a ‘Teversal of 
the present trend in many States where the maintenance cost of the rapidly 
4 growing mileage of local, poorly built roads is is mortgaging far too large § a portion 
of the highway budget. This situation has been produced largely by legal 


mandate and other public policies: adopted and —" into effect without any 


through the State and Federal highway « to place 


tration on a sound economic engineering basis, is not only the most important 
trend, but is also the cause of other trends. which, on this account, may be | pre- 
dicted with some certainty. Out of the planning | surveys will come definite 


eeeenes for the division of highways into groups s classified by the service 
By research and experience the — are 


or multiple-lane and 


i here is, first, to ) classify highways, based upon and then 


ae design closely i in accord with the classification—contrasting with the all too 


_ prevalent practice, in the past, of applying single standards to long mileages, 
and without change, to roads of widely varying traffic service requirements. a5 


In the field of highway design, the most important single development i is 
ound i in the possibilities of soil stabilization. — He ~The intensive research work of 


re than a decade has borne fruit in the eiidiccatecaSa Uiak now exists of the 
physical and chemical properties of f soils, and methods of of utilizing the » knowledge 


ie “no longer stop at mere superficial applications to the immediate sub- -grade, but 
© further, to affect the entire graded road-bed in both cut and fill sections. 


are the soil technician and his ‘specialized ‘soils laboratory. = The 
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| 
be given the ipetiabeed training, and as a result there will be, for th the first : time, 
the possibility of building really scientifically designed roadway st sections since | 
these will be placed upon foundations of predictable behavior. 
i" _ With a large program of grade separation under way at railway wed highway ay 
: intersections, and with the changed public policy in paying construction | costs 
largely from public funds, grade- crossing elimination has become a fixed policy ae we 
 & that will continue until all important railway- -highway grade inns have been 
4 eliminated, and minor ones protected by adequate devices. Wits 


& This same 1e policy i is being rapidly extended to the : shenihinn) of important — 


“s highways at at intersections, and one of the important trends of highway dein 4 
d in the immediate future will be t to o rule a out in intersections at ; grade as a possibility or 


In this connection, incidentally, , the widespread use of “stop” and ‘ 
d- lights is not : a solution for traffic movement, . but has been a development of 


‘ necessity imposed 1 upon a system of highways designed | and built before the > = 
“present dimensions or speeds of highway traffic were considered possible. 


a the ti trend of highway improvement in the future must be to provide 

ly flow arteries in the -congested-area traffic that will permit continuous flow — 

a traffic from down-town areas well into the suburban areas. . Although t the cost — ; 
al will be high, it is only | through such arteries that capital, invested now in land 
buildings in the hearts of the business dintricta, | can be even re 


The pioneer roadway, even on main traffic routes, was conceived as the 


important: objective. Now, with the recognition of values inherent 


highwa ay transportation beyond the bare u utility, the roadway design has cometo — 


landscaping of the roadsides, 4 foot paths, bridle paths, and to stop, 
and protect against, soil erosion The required additional attention and ex- 


‘m pense are paying large dividends through greater durability and through 1 the ? 

4 rere is or r less discussion i in which the term 

without any adequate definition of what is intended by this term. 


it is more frequently used i in connection 1 with a a very limited number of trans- 
continental highways « designed for high : speed and d with multiple- lane roadways: . 
‘a The German system of super-highways embodies this idea. . In that country ‘a 
& system of about 4 500 miles of highways (which gives approximately three 


e fae across the nation in each direction) is constructed on entirely new, wide | 
the rights: of way without ACCESS from | abutting lands, except at t infrequent intervals. 

igh This: design is for high- speed, ‘motor- r-vehicle, through | traffic. The travel 
ut ‘Section i is composed of two roadways about 30 ft wide, separated by a parking. a 


Bnd the horizontal and the vertical are good. 


bad 
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= cient highway has been omitted. The most advanced highway design sheen 
has been embodied 1 in this is development. The economic utilization is 80 
In the United States there is need for a considerable mileage of highways 
ie having ‘similar - characteristics, but the disposition of this mileage, | to be most 
Bis; a efficient, must be planned on the basis of the careful studies now going forward, 
a The system of German roads is being built in advance of, and to promote the 
ee _ development of, highway transport. — In the United States the situation is just 
Lee ‘the reverse. Highway builders are proceeding on the principle that the utiliza- 
on: tion of the highways must produce directly the revenues with which to finance 
re eae construction. As long as the United States adheres to this method of 
ag financing, the building of ‘super-highways must be limited to areas where the | 
Hy present and 1 prospective | traffic will justify it. . Asa trend of highway develop- 


7: ‘ment, itis apparent, from the important aiden already ‘made, that a con- 


oe. siderable mileage of motor super-highways will be developed, that their location 
wi ill be. carefully integrated with the population ¢ centers, and that the layout 


ill not be on the transcontinental basis. | 


In France, , where a a system | of national roads has been developed over a 
ong period, the present smprenties is to take care of the ecient the 


ferential a > 
i in this is the separation of cross-traffic. 
eee From the developments abroad and in the United States, on one can conclude 
that super-highways will be created, but only in the vicinity of metropolitan 
areas, for ‘relieving traffic: ‘congestion within these areas and for ‘connecting 
a those that are ‘separated | by Telatively short distances. The first function has 
me already been served to a considerable extent by parkways. Iti is logical that 
_ there will be further developments ¢ of the type + of the. Blue Ridge Parkway ¢ de- 
4 signed to connect the Shenandoah and the Great Smoky Mountain National 
Parks. The development of such parkways recognizes the large use of | motor 


POPULATION 
the power of highway i improve! nt the shift of} popu- 
lation from areas of low productive potentials to those more favorably condi- 
tioned will be consciously used in the national policies developed for 


long-term attack ; upon land- -use problems. _ A definite start is already being 


made in this direction and will become more “apparent. in n the layout of the 
ads. ‘This thought definitely emphasizes | 
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LINE~ HIGHWAYS IN 


Syn mores 


—— essential toa master plan for trunk- line highways are discussed in 


‘this paper. The -applicatic fon of such a oom to the Metropolitan Area of Detroit, 
‘is s offered a as an illustration. 


that might confine such an area will, in general, be outgrown 


morrow; the uses made of any part of the area to-day 1 may not be the uses of 


to-morrow; the pleasure Toute of to-d -day may become the industrial highway of 


to morrow; the traffic and population of to- day will be greater to- -morrow; the i‘ 


cross- at major highways of to-day may be a se 
morrow; and, unless, the hub of the area of to- day is gr connie ‘served by 


arterial routes, it will not be, to the same extent, the hub of to-morrow. ay - . 
_ Certainly, 1 no one influence h has s been more ‘e responsible it in giving impetus t 


there is no saturation point in evidence in ‘the. usage of sutemobiies 4 or in their 
numbers. In the first place, the ratio of the number of automobiles to the 

number of people i is still on the increase and, at the same time, the population i 3: eS et 


increasing. the second place, ‘it is becoming increasingly apparent that 


the ultimate crystallization that may occur, than the automobile; and, certainly, 4 


sphere of use and influence of the truck and bus i is enlarging, and it is ; dangerous ~ os 


to attempt to define their probable limitations. 
This condition of flux and uncertainty as to the v ultimate demands that may 


be made on trunk-line highways in metropolitan areas ; would ‘present a a much 
more complicated problem to the highway engineer in planning for the future i. 
‘if it were not for the axiomatic fact that the essence of the solution lies e 5 , 
roviding adequate right of way, and that such right ¢ of way | is essential to any — 


lan and to any use which may ultimately be made of | any such highway, 


 EssentrAL ELEMENTS OF A PLAN 


Th e first step must be a plan providing for a system of trunk- -line highways, — ig 


P 
P 


- solo located and of such widths that the future highway ; requirements of the entire 


t area can be met. = Although, , perhaps, it may be > necessary to reinforce such a 


plan with layouts: showing the ultimate developments : requiring those widths, | 
le engineer should remember that different details may be 
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vat Such a plan will provide for certain distinct locations and frequency of 
trunk-line to the various primary needs the ¢ area, and 


“Arterial piercing to to the hub ‘of the: area, the 


loops which may serve several 

13 ek La (a) Permitting through traffic to by-pass congested areas and to avoid a 

ie ie Distributing traffic of the several arterial highways to the local street 


(c) Meeting the demands of per riods of peak loadings, iatiihens as Sundays and 
it ~ holidays i in the case of pleasure traffic, or daily commercial peaks and 

seasonal conditions affecting industrial traffic. 
@) Cross-town arteries for local traffic. Ultimately, in many cases, ‘this 


is may become the major function of certain such headers or loops. a f 

(3). Boulevards | ‘i parkways for the exclusive use of pleasure traffic and 

o serve the recreational needs of the area. 
ae (4) Secondary highways which are not quite trunk line in | character but 


= which are e dispersed at frequent intervals as major local streets within the trunk- 

Fs. 3 (5) Some of these trunk-line highways must meet the present and ultimate 


needs of mass transportation, whether on rails or rubber. 


(6) Express roadways with separated -opposite- divestion’ free- traffic lanes 


“s may be provided i in certain highways; or, the entire highway may become an 
glaellaeas from which local traffic is ‘etdeided, except at long intervals and 

definite points; and, in still other cases, the entire highway may become a free- 


ay ithout vehicular access from abutting property. we 


(7) Such trunk-line highways must almost invariably serve the needs of 
et the area as trunk lines for public utilities, and inadequacy of right of w ay, in 


addition to. cramping the highway possibilities and increasing the cost of the 
ultimate highway: will affect the utilities i in te same way. 


become a controlling factor in 1 determining the width o "of the Ts right of way in 


a _ certain special cases, as, for example, a trunk line that becomes a subway route. 
‘Super-highw ays: having ‘Sufficient right o of way to permit all highway 


functions to be combined in one highway at grade, including provisions ‘for 


mass transportation a and local service to abutting property and complete grade 


é separation and interchange a at major intersections. In certain conditions such 


Rad a super- -highway n may carry several highway functions on an elevated structure 


ina right of way sufficient to contain such elevated structure adequately, and 

_ the elevated structure may - become a free- -way without depriving abutting 


property and local traffic from the use of the highway at grade. SAE — 


9) Double-decked streets in which the entire right of way is used on two 
; This 1 is & special ¢ case applicable generally only i in extremely congested 
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areas where a built-up up condition and right- -way other solutions. 
This subject will not be dealt with in this paper. yee 


(10) Parking facilities. is a moot point whether such facilities should 


& Except in the case ‘of a a few of the major ‘metropolitan. areas of the United 
‘States, and except for the present need of -_widenings or other provisions to ’ 
relieve’ “‘bottle-necks”’ and lack of capacity existing on arterial streets of most 
cities, there i is usually no immediate necessity for making or deciding the oe 
‘ultimate structural development: of the system of trunk-line highways. The ot 
_ immediate need i is for a system of rights of way of adequate width and location ee 
and if that need is recognized, the future is reasonably insured. . Structural — 
development of such rights of of way can be as 


The Plan for the Metropolitan Area 
width| of 120 ‘ft for ‘right of way of trunk- -line highways. i, ee 
highways, as mentioned in Item (5), the plan calls for a minimum width of 86 ft i 


and, for super-highways, a width of 204 ft. 

~~ Boulevards serve as something more than traffic arteries and the right of 5 
way must be— sufficient not only for traffic needs but also to permit some te 
beautification and park characteristics. . A right of way 150 ft wide is + 
practical r minimum and | will permit two roadways each 36 f ftv wide, a center park “i 
way y strip, 38 ft wide, and 20 ft on each side for pedestrians, plantings, ete. “3 S 

as Parkw ays are ¢ essentially long narrow parks, served by an included roadway — a 
which i is not directly | accessible to local abutting ‘property, and are ‘generally — 
planned to t have grades separated at major: intersections. _ The right « of way is is 
usually variable to conform to local topographic features; at minimum sections, 
however, it should not be less than 200 ft. Topographically, parkways 
follow streams; - they utilize low-lying stream valleys and, in such locations, can 
often be carried into and through comparatively well developed areas at 
relatively small cost, thereby replacing unsightly stream-valley weed with a 


agen PLAN FOR THE AREA OF 


the Rapid Transit ‘Commission of 


in 


oe 


Detroit, the authorities controlling streets and roads i in the ‘metropolitan area 


adopted a Master Plan for the area. Although the plan dealt ‘primarily with 
conditions: ithin a circle the City Hall, the essential 


s The p plan provided’ that on on eacti section line a a pele of w ay 120 ft wide would 


ide. 
“tition, it the right way | for the six major radial ‘arterial 
highways” (F ‘ort Street, Michigan Avenue, Grand River Avenue, North- 
Een Highway, Woodward Avenue, and Gratiot Av venue) would be 204 7 
wide beyond the Six-Mile Circle (approximately) ” 120 ft wide within that 
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TRANSPORTATION 
‘circle. radial arteries have 204 ft wide, and 
ea the system of 120-ft highways has been adhered to for many miles beyond the 


‘ae ty Itm may be well to ) explain that these radial arterial highways are of more than 


i local significance and are, in fact, the major routes to the various sections of the 


Five radial | highwa ys were established din 1825 under the direction of 


ae country. | With a right- -of-way | width of 100 ft (which i in many cases has since 

oe been encroached upon), they eonargy in all directions and comprise » the River 
- Road, from Detroit. to: Perrysburg g (Toledo), O Ohio; Michigan Avenue, from 
Detroit to Fort Dearborn, in Chicago, Ill.; Grand River Road, from Detroit to 
= mouth of the Grand River, at Lake ‘Michigan, on the west coast | of the 

State; Woodward Avenue, from Detroit to Fort “Mich., the major 


These five arteries are now super- -highways under the ‘River 
z eal: the ‘major | portion n of the traffic from which is locally taken by the Fort 
2 Superhighway. _ The sixth radial | arterial highway, Northwestern Superhigh- 
way, is of recent. origin and, although at present i it terminates in the resort lake 


region of the ‘adjacent. county, it is ultimately ‘projected to be extended north- 
esterly through the State to Ludington, on Lake Michigan. 
Fig. 5 shows the Master Plan. It will be noted that more than 80% of 
the 204-ft rights of w way y for super-highways has already been secured as well as 


most of t the for lesser widths. _ Furthermore, on the super-highway 
sections of the aforementioned six radial arteries, double ‘pavement sufficient re 


_ present needs has been built, and the same is also true on seven other super- 
highways (Base Line, Mound, Stephenson, Southfield, | and, 


In addition, ; 38 miles | of the 42 miles of the Outer Drive sot ‘sae, con- 


structed : as & boulevard o on a 150- ft right of f way and many of the 120- ft trunk: 


line highways have been developed. ‘Several parks have been acquired and 
leveloped, a plan for parks | and parkways: has been adopted, and a parkway 


more than 8 miles long has been | completed ¢ on right of way varying from 250 ft" 
progress since 1925 (when practically 1 no Fight of way wider 100 ft 
xisted for any y of these highways and only ‘an inconsiderable part of that 

vidth) has been attained on a pay-as- -you-go basis, , without bond issues, and 


as been largely due-t to the following factors: (1) The unanimous adoption ofa . 
plan; (2) legislation enforcing the plan « on sub-dividers of property; (3) adequate | 
conderanation legislation; and (4) conserving automobile ts taxes to highway uses. 
pe respect to radial arterial highways, the Master Plan provided that they 
would be super- -highways and the reduction from 204-ft width to 120-ft w idth 
at the § Six Mil Circle > (approximately) w was, predicated i in iayouts showing that, f 


A 
risions for mass ransportation in a te lane or 4- mat subwa ay 
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below the 120-ft street, that would have approximately the capacity of alte: 

The congestion of surface traffic on these radial arterial streets: within the % 
Six Mile Circle had already reached a stage which demanded immediate enti 
a widening, and the width adopted was 120 ft, with the aforesaid layout asa that 
background. . Since that time these widenings for “Woodward, Gratiot, and is SO 
Michigan Avenues have been almost completed, a start has bien made on the the 

others, and steady progress is s under way toward ultimate completion of this J (say 
element of the ‘plan ? . Thus, the entire “original Master Plan i is almost a reality conc 


today (1938) i in so ‘far as ultimate widths of right sufficient next 


development for the needs to-day are concerned. 


> great super-highways converging down-town 
Detroit, the Wayne County Road Commission believed that they should be way 
extended into, and connected across, the city proper on s similar | widths of right poss 
; of way. Accordingly, a plan to to accomplish this end was presented i ina a report to ast 
la the County Board of Supervisors and adopted i in principle. This: plan calls for abu 
the widening of unimportant streets through the unprosperous area of old as t 
Detroit to provide new 204-ft thoroughfares. By means of 61 miles of high 
_ highways, all the outlying super-highways will be connected toa a down- town 


ke loop ‘approximately 1 mile square. This supplementary plan is shown in 1 Fig. 5. to p 
Th presenting this Road Commission was by the toge 


It is ‘streets tha that are being widened faci 
to 120 ft will prove adequate if the central section of the « city is to be properly m 
stru 


oe served in the long future and if the high values and concentrated uses of = _ 


e* 


ek (2) | The cost of utilizing these 120-ft streets ultimately to accommodate the port 


future capacity of the 204-ft ; super-highways feeding into them, will be so great ¥ 


that the excess cost in sub-surface works would finance a better and less expen- th 
sive plan and additional and more adequate arteries in other locations. ao * eis 


>. ~The supplementary plan would open 1 blighted areas to renewed pros- and 
J 


perity a and would traverse sections of the city now inadequately served. — The “e 
< street , widening i in stagnant sections, where lots and buildings are of little value, 

i increase values along these new thoroughfares, the type of 

at ¢ 

loac 


) The width of 204 ft can sage be secured not preciably * 
Having in mind the general street layout it is s found that, in Filet 


processes sto. widen a street to 120 ft, the taking line, the widening i is On 


a one or | both ‘sides of the street, passes through all buildings. et The result i is that 
ce the award, besides covering the land taken and damages to ) the remainder of the 


land parcel, also in includes a value for the part of the building taken and damages _ 


to ) the remainder of such | building as well as an allowance for business loss during 
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sheration. ‘Theo latter’ items approximate the reconstruction. cost of the 


— On the other hand, if the widening i is all | on one side of the street and if the | 
ieire parcel is taken, only | the present value of the property is involvec od, and 
that value may | be less than the composite damages awarded. If the widening _ 
is so laid out, it will generally produce a a street width of at least 186 ft, nang 
the present street (say, 66 ft), the lot depth (say, 100 ft), and the alley v width — 
(say, 20 ft). Inn many cases it will produce even more, but in any event - 
‘ondemnation of an additional strip, 18 ft or less in width, off the rear of the 
“next and much cheaper s series of lots, will produce xe the desired 204 ees 
Pay 


TRANSIT T BY RAIL AND EXPRESS HIGHWAYS 


Rapid transit, whether on rail or rubber, demands freedom rede ae 
“hts and from local traffic ‘interference. Although express highways a and free- 


» W 


ways: built at grade with grades separated at major intersections may be 
possible for outlying districts, the permanence and adequacy of such a solution, 
the future | develops, i is ‘open to ‘question. is Exclusion of local traffic and of 
as the territory develops. . To be effective rapid iwanelt by rail and 
highways must be e above or below grade and local needs must be met at grade. — ; 
Layouts ar and perspectives prove the possibilities of the 204-ft right of way : 
to permit facilities for mass and rapid transit on rail and on express highways, — a 


together with adequate surface facilities for local traffic. Furthermore, 


intersections, such | right of way will permit complete grade separation and, at fy 
the same time time, complete | local interchange. _ In the case where these rapid transit. 
facilities are on an elevated structure, it will be noted that the area below te - 
structure provides valuable parking space in addition to location for - surface oe 
street. cars. is will be n oted, furthermore, that if in the future mass — ss 
portation on rubber rather rail | rule, a 


structure can be je adopted. 


the street width is ; such that. adequate roadways: at grade flank the. ‘structure, 
and under such conditions the structure can become one of beauty rather than iy 


ugliness and, through proper design, noisiness can be reduced to a point where 


it becomes non-objectionable. — In general, where such an elevated structure ie 
-sccommodates both: rail and rubber the part: of the w 


by the ramps. to and from the express- -way. 

_ Another plan for express-ways or f free- “ways which is worthy of consideration 3 

to ‘meet the needs of arterial highways i in congested districts where property > a 
“vals are high, would ¢ entail the use of the alleys at the rear for single-direction 


‘devated express-ways.  Thisis particularly applicable if there is a legal ~ 

“the Assuming a 20- ft alley, the construction : of a 30- ft  express-way wou ld entail 
h 


express-way would require air rights over 


e use of approximately 8 ft of air rights on each side of the alley; a 40- ond 
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‘occupying the strip of air rights, it would be necessary to condemn ined less 1 
small areas s (probably at the lot lines) to accommodate columns and footings. right 
a long | intervals such express-ways would be served by ramps to and from jp coulc 
the surface and, at those locations, additional condemnation will be unavoid- jg 2! 
able. ‘The space under such a structure, on private ‘property, could | serve > all tures 
_ present uses; or it could be enclosed to enhance those uses, or to provide : new Bi 588 
justi 


_ uses. _ The height of the structure would be governed by present uses and | by 
minimum clearances at cross-streets or at crossings of similar elevated ‘struc. a6 


tures. The cost of increasing the height to meet local considerations | ‘is 


Given legal ‘condemnation of air rights still another plan is applicable in 
certain instances. -Predicated d on the fact ‘that railroad Tights | of way 


“over such available routes would add ey express-ways. or elevated | highways fo usit 
industrial uses where they ‘would be most effective. However, “consideration 


(a) It is important that the elasticity of the railroad facility to. or 


Bits Such a plan may entail partial | or com mplete electrification of the com- 


Another general observation on the problem of ‘rapid by rail or 
-express- -highways is that sub- surface structures: are almost. invariably much 
more costly than elevated structures. In cases the excess cost of a 
= facility of ample e proportions below grade i is so great that new and ample right 
of way in parallel locations can be secured and — om an elevated structure 


Furthermore, the use of sub-surface is ‘more inelastic; if 

designed for rails, it cannot ‘(except with further additions at great expense) 

a i? bet used for highway traffic. . Ont the other hand, the change from a rail facility 


a highway or easily accomplished in an elevated 


‘Bi t is s difficult, to o foresee or the future may demand in the way of parking 
facilities a as an adjunct of the highway. 
considering long-range h highway ; and d street plans the. engineer should not 
pass the parking problem with a gesture. and the assertion that parking i is not 


a Perhaps the Setlowing comments may point to a future 


ie; The gee investments in covered parking facilities run into millions | 


yays an enormous price for parking in open et 
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trend t of parking and at! a high rate. nun 
_ (1) The automobile oney, and the expense 


an (3) Perhaps the cost of this element of would be 


. less if it were planned to | to be included in the highway ‘system an and, with ae > 

gs. rights of way, it is conceivable that sub-surface regions, or eheented tageuta, . 

wo could be utilized for the purpose. In cases where ultimate development of the 

ia trunk- line highway in congested districts is through the use of elevated struc- a a 


‘all tures flanked by streets at grade, the s} space at grade below the structures may Et ee 

become a valuable parking area and its value in that regard may be a partial — 
by, justification for the adoption of any elevated plan. 


| If often occurs that all ofa parcel of property or of contiguous parcels 
is May be secured quite apparently at no greater cost than the | pay needed for 
the highway width. Perhaps, if parking were recognized legally as a highway 

. function, , there would be justification for, and necessity could be | proved ee " a 
sree taking such excess property for such use ng 

ays (3) The value of such facilities i is recognized by business, particularly those : a 

businesses which are responsible for the growing trend toward 
ioe ‘through t: the establishment of smaller concentrated business centers in outlying ian a 


Zz ‘districts. ¥ In many such cases the store or group of stores involved are are providing 7 Re bs = 
free p parking facilities ( (sometimes ona large scale) for patrons. This i is perhaps 
or 


Of a major factor in the growing success of such outlying business centers. 


Toa large extent st such decentralization i is at the expense of of existing businesses 
i and property values in the heart of the metropolitan are area. Tot the extent that oe a 
a plan aims to conserve such central values it should, perhaps, take cognizance 
of the parking problem as being : a considerable factor. 
plan of a system of trunk- routes with adequate | right o of way, 
of a 
chi all highway authorities of the metropolitan area, is essential to real and 
re steady progress; but it 3 is s impotent and unproductive i in the absence of | 
“= lation to enforce it, to preserve it from encroachments or abandonments, and +t: a 


to provide adequate methods for r obtaining right of of way bye condemnation and — 


highway laws of of Michigan set jurisdictions, ete., as as 
s not asap as as affected by home-rule constitutional provisions in the pease 
uture of incorporated cities and villages, the State Highws ay ‘Commissioner has j juris- — Bs pe 


“ge diction over State trunk- line highways and i is required to 1 meet one- -half the oa 


Fig: 
cost, of maintenance, widening, and betterment thereof in ‘metropolitan com- 
pee 2) All other highw ays and sub-division streets and alleys, except in incor- 


_" porated communities, are under the jurisdiction of each County Road Com- poe 4 
PA 131 of 1931 amending Section 1 of PA 19 of 1919. BIT 


elective in creating, rapidly, a network of adequate nights of way inaccordance 

2 


‘mission. . With consent. of the such commission 
may take jurisdiction over any street or part thereof within the community, 
eee Such commission is also empowered to take over, in whole or in part, the 
ae obligation of any such community arising out obs contract with ‘the State 
a Highway ay | Commissioner in conection with the widening or improvement of a 

a street whieh i ‘isa State trunk-line; and , in connection therewith, or as may be 
entailed on streets taken, over by the commission, it may property 


¥ 


ae Super-Highway Law. —Shortly after the Master Plan for the Metropolitan 


rea of Detroit was adopted by all municipalities s and highway authorities, an 
eo “effective legal instrument was made available i in the super- -highway law® which 


at A contract may be entered into by boards of supervisors, and a gan’ 


ig ets commission includes the three members ‘of the respective County - Road 
Commissions a nd the State Highway Commissioner. wit 


varying 


ia highways the plan must show on ‘which side of the road private ae is to 
be used for the widening. After recording | of the plan no plat of land shall be 
accepted which does not conform thereto. 


ie (d) The law sets up a limitation of 0.5 mill property tax in each county for 

a the use of the commission . Except to cover the initial office expenses invo olv ed, 

ay os this section of the law was never utilized and, in practice, , each road commission 

has" acquired right of way at its. own expense from other funds (automobile 

: (e) The commission can accept | donations of land and property and dedi- 


of land, and may purchase, option, orcondemn land. 


The > Major ¢ effect of this legislation wa was 8 to enforce the plan bores sub- dividers 
of. property and through that provision alone dedication of many “miles of 
: — in accordance with the plan | was secured without | cost, thereby saving 
of Plats —If a plat of property includes county Toads or State 
_ trunk- line or F ederal Aid roads, it must be submitted to the County Road 
before being 

 Abandonments. —Although a Court may vacate a plat, it 
part of a county road or State trunk-line highway. Such highway can be 
_ abandoned i in whole. or in part only by the County Road Commission or the 


State Highway Commissioner as the case may be. . Abandonment by the 


ake 


a County Road Commission ‘must be recorded. . Thus, the right of way, once 
secured , cannot be abandoned except by these authorities.’ | 
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Encroachments. 


‘not accepted, condemnation must be done by processes provided to determine 


—Title to : any — of the right of way of a — 


be secured | by adverse possession. pall 


A, 
two. Acts;? by a commission of three appointed b by the Circuit or Probate 
Court; se » and, (3) immediate possession after hearing of necessity and after ee 
tender of damages estimated by the County Road Commission. If tender i is 


‘Set- -Backs Without Excess Condemnation.—If lots at the rear of the 
desired can be e secured by pn tiamassgat and if owners of front lots 1 will accept An 


“missioner have several methods of condemnation available: (1) By j jury 


+ 


prov ision ie enabled the purchase of much frontage at _ price of of interior 


May Condemn All of a Road can take all 

lot (if such part is required for the public improvement) as will destroy» the © m 

value of the remainder as a single parcel or lot.!2 


Ne ceded Legislation. —To meet the future, as the need presents itself, ae 


lation may become necessary for, condemnation of air rights, and for the 

exclusion of abutting property from access to free-w ays. i Free-wa ay legislation : 
has: been enacted in the States of New Yor ork and Rhode Island.’ 4 Quoting e ee 
from Information Bulletin No. 36, issued | Regional Fs Plan . Association of 


“This act [the Rhode Island is be its 
__ “The adoption of freeway legislation by these two States | may be hailed as 
the beginning of the most significant movement in several years in the progress _ 
of highway development. A look into the future would envision the idea — 
extended to the other states of the Nation, expanded to include county and © 
local highway departments and perhaps ‘influencing the program of Federal 


5 PA 46 of 1907 and PA 314 of 1915. 
149 of 1911 PA 124 of 1883. 


Chapher 2537 of the laws of 1937. 
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AMERICAN SOCIETY OF 


RELATION OF RAINFALL RUN-C 


: 
laborious studies involvin various lans and erhaps various ‘combinations 
of the two. design factors—rainfall | frequency rates and -off ‘Percentage. 
“It is the purpose of this paper to describe the development ofa method, using 
“time-saving charts, based on a study of relative costs of a which 


a _ ‘The relative costs of storm sewers, as s studied herein for various s combina- 


such combinations to 

assumed district w was ased upon a 


“study of the concentration | area a number of actual districts. 


ed i ng tha 


run- off, for one eof the cases. The results 0: of the run-off Q- 

tations for call ar I rts showing ‘the for 


is hoped | 


Dus 1s points and the 


Nore.—Written comments are invited for immediate publication; to ensure las 
« should be submitted by October 15,1938. 
ar 4 Senior Designing Engr., Div. of Eng., Dept. of Public Service, Colum 


— 
— 
2 
4 
— 
— 
— 
— 
— 
— 
= Corresponding area. ‘These charts are used as the basis for computing relative 
sewer-capacity requirements in connection with the study of cost relations. 
A discussion of Tesults is given, together with suggesting some prac- 
tical uses of a study of this nature. — 
The wri i h developed, should re 
Bor: _ The writer does not intend that the charts, as developed, should cover the me eee 
a full range of design stipulations that may be encountered, or be of widespread — 
applicability. Rather, it, hat the development, asa method, may be 
elpful to other engineers mal ang similar studies to satisfy various special 
Inthe design of storm-sewer systems, the run-off at vari —— 
are dependent on the values adopted for the rainfall fr San 
2 


the run- -off percentage. _ The use se of various values for pos or both of these 
_ design factors will result i in corresponding values of computed run- -off and cost. 
In order ‘ to study the effect of such design factors it is necessary to re- compute - 
_ the entire system for each set of values. _ For example, ‘suppose a design | has 
“hoe made on the basis of 10- yr rainfall aaa 40% run-off, and the cost esti- 
mated. . . Then, if for some reason, the estimated cost 0: on a design» basis Of a a 
-yr rainfall and 30% run-off is required, the system ‘must be re- computed 
entirely. The relations of run-off and cost resulting from the use of various: 
combinations of design fa factors as ‘determined by this s study can | be used to 


Ny _ Hence , the r results of this or similar studies should _be especially useful to 
engineers when confronted with preliminary design problems of this kind, 

ay Clearly, with such a a quick means of estimating the relative costs, ‘more : thorough q 


ve preliminary studies” would be possible. . Since it was” 
_ ‘mecessary to vary slope and area to determine the effect of the rainfall and 


run-off avian, it was convenient to analyze also the relative effect of the 
a factors on run-off and cost. : 


As | a in selection of ‘the district, several representative 
sewer 


Je 


ai 


Scale, in Thousands of Feet 


‘SHOWING OF SEWERS 


neentration, minutes, were ‘computed for a number of points 


. along the main trunk sewer in each district. 


The areas concentrating for each 
district were then me in Fig. 2, and a a curve for" each district was s drawn, 
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the curves of the various districts, was then drawn. This 
a 


Be 


Time Area,in Hundreds of Acres 


: 

ime, in used for typica ime, in for typical 


step. was in the typical district to 
the element of distance points of ‘concentration is 


— 
| 
so bute A \| |) |] 
Fro, inutes (Inlet Time of Ten Minutes Assumed) 
me, 

im 
ints 
— 


ina In computing the time ‘element for the representative 
ise districts, velocity was based on sewer sizes required when using a design | basis 
10-yr rainfall intensities, C= 30%, and S = 0.003. Henee, these same 
aos conditions were used as a basis i in computing distance from the foregoing list of ) 


‘ti time and area concentrating for the typical district. _ The results of the calcu- 


ations to determine distance are given in Table 1. Note that the acres | 


‘TABLE 1.—Argas CONCENTRATING AND DISTANCES ‘BETWEEN 


30} 60| 80 


4 5] 10) 20 3 4 100} 150} 200} 200) 300} 300 
Accumulated area,inacres...| 5] 10] 20] 40) 70] 110} 170] 250 350) 500} 700} 900)1 200/1 500 


accumulating appear in a different order than i the foregoing list. This com 


oo Be _ change makes the typical district more comparable to an actual design problem, of Q 
Bs wae the distances shorter between t the up-stream points of f concentration where sl 
TAI 


q ae. the velocities are smaller and changing rapidly. — It was found that much larger 
a :: lee between points of concentration could be used at the lower end of 
a the system (where flow is large and where velocities do not change to any 
ae De even for considerable increase in tributary area) than at the upper end 
a of the system, for the same relative accuracy in computing time of concentra- 


. tion, It was a to use as many points of inlet as were required for re reason- 


| 


* 


ccumulated area, 


acres 


add to the computations. 
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Rainfall Intensity, in inches perHour 
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In the usual storm- sewer design a basis is selected as, for ‘example, 
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by the factor. The — covered i in this study a are resented 


TABLE 2- “RANGE or Factors CovERED By Stupy 


Rainfall intensities, yearly bases. . 10 rs q 


The total number of “possible combinations of these factors is 36, and, - 
hereinafter, they : are referred to as cases. - Hence, 36 sets of computations we were — 
made, using the typical” district areas and distances, as given ‘in Table 1. y 

The | reeled intensities used are g given in Fig. 3. * ‘Table 3 is an example o of the 


computation to determine the run- off, for one of the 36 cases. The values 


TABLE —SamPie CoMPuTATION; 10- Year (30% Run-Orr; 
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Column (5), in feet 
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on- 


-off, Q, Column (1) 


concentration 
‘olumn 


(4), 


cubic feet per second 


ats of ¢ 
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for Q 
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f 


of area based on Col- 
umn (2) and C 


_. Rate of run-off (I X C), 
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Time o 


xX Column (4), 
. cubic feet per second 


(6),in minutes 
(6), in minutes 


centration, 


umn (2) and Column 


-eessive points of con- 


in cubic feet per 


second per acre 
Column 
required for 
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Accumulated area, 
Distances* between suc- 
Time of concentration 
of area based on Col- 
jin cubic feet 
- Velocity of flow in sewer 
Accumulated area,* in 
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second per acre 
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Run-off, Q, Column (1) 
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Run 


Distances* between suc- 


_ Rate of run-off (I XC), 
Velocity of flow in sewer 
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_.. *See Table 1. + Sewer size not given since velocity was taken directly from — curves. — 
inlet ume assumed; velocities based on Kutter’s n = 0. 013. tae oe 


TABLE 4 per Linear Foor 


sewer invert, in fe per sewer invert, i 
in feet linear oot in ine feet 
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ive in each separate problem, and, hence, slope is not a part of the design basis. In — 
asic | this study, however, four different slopes were used, principally to determine = —— 
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FE a The costs per linear foot of sewer given in in Table - 4 were used | as t the basis of 4 
a * cal the cost studies. . The depths i in Column (2) w were considered as average and the ' 


costs per linear ‘foot (Column (3)), as representative of the average 1936 prices 


a Although’ prices varying considerably from those selected could be justified as 

Ee being representative of various localities, it is believed that any such variation | 

aN = would have but slight effect on the relative costs. _ The next step was a tabula- ; 


tion: setting acreages opposite the capacity, in cubic feet per second, of the ri 


ie various sewer sizes: for each of the 36 cases. The areas were read from the a 
a curves representing the various cases “Fig. 4. Ini reading these values, 4 
chart bein used was: entered on the run- -off side with the value of the sow er 

te capacity in cubic feet p per second, the corresponding area being» 
Table 5 is a sample tabulation on the basis of a 10- -yr rainfall an and - = 001, 

 Sewe: er capacity* | Run-Orr ‘Sewer eapacity* | ING Run-Orr - 
diameter, | (S = 0.001), Percentages || diameter, (S = 0.001), PERCENTAGES 
80%} 40%] 50% || 80%] 40% | 50% 

0.75) 0.55] 0.43 || 48..........] 45.6 37.0) 27.0 
13 0.95 0.75 83.0 75.0 53.0 

1.6] 1. 35 130 | 90.0} 72.0 
2 
£7 | 30 | 29 325 |215 
9.1] 6.6 | 5.3 480 | 310 | 240 ~ 
16.0 | 11.5 | 9.0 710 | 455 | 340 

giving ‘the for 3 of the 36 ‘cases. Values: of area” in the tabulations 
(of which Table 5 is an an example), where the acreage values were less than 10 
acres, could | not be read from Fig. 4, but were computed by using the 10- min 


-rainfall: intensity with th the proper : run-off coefficient. Such | computations give 


results approximately correct, since the concentration time of all areas smaller. 
than 10 acres may be assumed to be 10 min. 


From. the tabulations, of which Table 5 i is an example, the curves of Fis 5 

developed, these being the of the cost studies. 4 
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.—Cost Size Curves ror Two-Year, Five-Year, AND TEN-YEAR RAINFALL 


ngement, 4 width of the unit as 4 x ft 
= 1 400 ft, and the 5- block length was | 6 xs 500 = - 3.000 ft. % The collecting 
lines were arranged with one line to each ro row, extending the width of the 

blocks; these lines connected with ali line which ran along the 2 500- ft ‘side of 
the 100-acre unit. This line and the ec corresponding o ones for each 100-acre u unit 
oe connected with the main line serving all 1 the units, by extending along the 


400- ft, width of the units. This layout, with the main ‘trunk running 


=f 
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pr 


| 


4 


e sii edge « of the 100- acre units, was estimated to represent, closely enough, 

. &: the typical district used in computing the run-off, Q, as ; shown in Table 3. 
The arrangement in| in blocks and units | made it possible to compute costs per acre — 

Q for the various cases with a minimum of labor. Table 6(a) gives the Gecoeid: pe 


lengths of of Sewer per acre for various: areas served, and accumulated sewer 


lengths ‘per acre. pc ‘Using the sewer r lengths | per acre > given in in Table 6(a) and 
costs | per foot taken from Fig. 5, the costs per acre were ¢ computed. rar Table 60) 
is an example of the computations for one of the 36 cases. ae | 
is Using the results of the cost ¢ computations, curves ee costs per 
32 of the 36 cases were plotted on Fig. eA | The studies of cost a 
acre do not give values for areas smaller. ‘than 100° acres, as. the purposes of 
study are amply served without dealing with smaller r areas. 


acre, a 
Was 


relate” or compare costs. of the various cases. Although the 

acre used may vary considerably | from those for an ordinary problem, they are 
80 so proportioned for the various areas’ that the relative costs are fairly repre- 

sentative of the ordinary problem. To compare results: in any ordinary 

with the results of this the 

to 10% variation or error t that would result cost per 

: the sewer § size which « came nearest to ‘serving: ag the area in qu tion. a” = 
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per | (Column 
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ns 16a = 21. 
350 ft per 16a = 21. 
350 ft per 16a = 21. 
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1400 ft per 1004 
2 800 ft per 200 a 
4200 ft per 300 a 
5 600 ft per 400 a 

7 000 ft per 500 a 

8 400 ft per 600 a 
9 800 ft per 700 a 

11 200 ft per 800 a 

12 600 ft per 900 a 

14 000 ft per 1000a 


] 


par 


oa Actual cost, Column (2) X Column (4). t+ No increase in accumulated sewer lengths per acre for 
areas greater than 100 acres, for a layout on which sewer lengths ar are based (see: Fig. 6). r rainfall, 


Using the costs per acre curves in. 7, an of relative 
costs was made and plotted in the form n of curves in The relative 


costs for each factor were determined by using various combinations of the 
: _ other three factors and then running through the range of values of the factor 
under consideration with each combination. In the cases of slope and run-off — 


coefficient, it was found that costs the factor under 


In the cases of the rainfall and area Seibhae. “sei — that there was 
some variation of cost relation due to different combinations of the other three — 
factors, and limiting curves were necessary to represent the cost relations for 
factors. In the case of the rainfall frequency relations, nthe 
<i limiting ¢ curve is shown for : slopes of 0. 01 and 0.02 (steep slopes) and an area of 
100 acres (small area), whereas the lower curve is for slopes" of 0.001 and 
0.003 (flat slopes) and an area of 1000 acres (large area). The analysis 
_ Tevealed that only slight difference was due to variation of run-off coefficients. 
ae The coretangr due to variation of area from 100 acres to 1 000 acres was found — 
about the same as that due to variation of slopes from 0.02 to 0.001. 
"Hence, these factors should be taken into consideration i in using the. chart to 
ae. estimate decrease or increase in cost due to the use of a lower or higher rainfall — 


_ frequency For we 2-yr frequency, a 002, and a 500- 


— 
— acre 
— 
— 
— 
— 
— 
| 6500 ft per 80a = 6.25 08 
| 500 ft per 80a = 6.25 4 
Ht per 800 =6.25 610 
14.00 14.10 | 197 197 197 807 
to 200 14.00 | 19.10 | 267 464 | 232 842 
100 to 300 14.00 | 11 22.80 | 319 793 261 871 
1 25.80 | 361 286 896 
28.20 | 394 1538 | 307 917 
1 30.00 | 1958 | 326 936 
100 to 700 14.00 | 31.80 | 445 2403 343 953 
to 800 14.00 | 2868 | 358 968 
900 14.00 11 3.355 372 982s, 
100 to 1 000 = 14.00 | 11 3860 | 386 
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Be ue ‘case of area and slope factors , the cost relation curves are ‘a no 
practical use e other than as a matter of general interest because there would © 
be a variation of these factors only in separate problems; ; for example, in the 
ease of slope, if in a certain problem the slopes were 0. 01 instead of 0. 001, Bt 
the cost Telation would be 64%, or 36% less. In the case of area on the basis 
‘ofa 10- -yr rainfall and a 0. 001 slope, the cost relation for 1 on acres | would be : oa 
120% of for 100 acres, or more 


Examp le 1.—Assume a 10-yr a 30% run-off, and a slope of 0.003. 


The design of ‘a main trunk i in accordance with these data is indicated in the 


cubic feet per Read diameter, in 
second, nom Ve, from Fig. 
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cost OF SEWE 


_—Assume the case re of an area, for w hich it is desired a sealiietal 

"fe the capacity ‘required, or the size e of : a main trunk outlet, without computing 
— the time of concentration for the system. — The area is 200 acres; the slope, 
0. 01 ; the frequency, a rainfall; run-off. A(c) gives” 


s 54 aad as the 


require diameter, 


the basis of a -10-yr ~yr - rainfall, a 30% -off, and. a to 0. 001: 
| and, the cost is found to be $1 000 per acre. 3 if the relative cost on the ars 
of a 5- -yr rainfall should be desired, Fig. 8¢g gives the 5-yr r cost relation as 90% 
o that for 10 yr; hence, the cost would be ‘90% xX $1 000 = $900 per acre. Wea 


Example the cost per acre of a computed on the basis 


ns basis of 30% Tun- -off, Fig. 8 gives ‘the cost relation a as 115 for r 40% and 100 for 


30 pe per cent. ‘Hence, the cost would be $800 = = $700 per acre. 


Example the use | of Fig. the cost relations for any problem with 
a combination of factors can be determined. — Assume a problem with 500 


O01. Then, suppose it is desired to know the comparative cost 


Dash-Dot Lines and 


Comparison of Run-off from oa of 
0.01 and 0.001, Respectively, 4 
00 


40 5060 80100 300 400500 7 


“rainfall — a 30% run- off, From the 0. 01- curve in as for 500 acres 
(10- yr rainfall, and 40% run-off), the cost per acre is $810. _ From the 0. 01. 


oh curve in Fig. 7 for 500 acres ” yr rainfall, and | 30% run-off), , the cost per § acre 
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js $600. Hence, if a problem had been solved | on the basis of fa 10- yr rainfall, 


anda 40% run-off and if the cost had been found to be $800 | per acre, the cost 


on the basis of a 2-yr rainfall and a 30% run-off would be $800 Xs be 
= 800 X 74% = > $595 per acre. . This example should 1 make clear that the use > a 
of the costs per : acre in Fig. 7 is as an index of cost for comparative ‘purposes 
and not for direct answers, in cost per acre, for a particular problem. p< eile “a 
As. a result of this study, the writer has <n a chart (Fig. 9) hint use ae 
in storm-sewer design which has proved to be a valuable aid in preliminary” x 
‘design and in checking designs. The sample-design problem in Table 
| solved by the customary n method a and the diameters on are found to be 
= with | those determined by Fig. 9. 
"TABLE 7. BY ‘THE 


(Design basis: 10-year rainfall; 30% S=0. 003) 


A 


ccumulated Distances 3 off* I X 30%, | cubic feet per 
area, between inlet ‘Time, in minutes | in cubic feet |second, Column} sewer 
points,infeet| ‘per second | (1) X ‘Column in inches 
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This paper is based on a thesis, “Storm Sewer Cost Studies, aa ee 
~ Ohi iversi : riter, in 1933, in partial ful — 

requirements for the professional degree of Civil Engineer, | 
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‘AMERICAN SOCIETY OF CIVIL “ENGINEERS 
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NEW THEORY OF RAIL EXPANSION. 


Discussi on 


- 


Assoc. M. AM. Soc. C. E. (by letter who 
‘ 
- by clarifying some points perhaps too briefly treated, by contributing : 
their e experience with continuous. welded rail in support of the theoretical 


Although most of discussion indicates an ‘acceptance of ‘the 
mathematical derivation of the formulas as valid for practical pur purposes (leaving — 
to the judgment of the engineer who uses | them the determination of the best _ ; 
ay erage resistance, T,, per tie—as the writer intended), the objections offered by as £ 
Professor Talbot seem sufficiently important to be given fi first attention. kr 
B Of the questions s which Professor Talbot raises the principal one seems to be 
‘the uncertainty as to whether or not the longitudinal resistance set up at each 
tie is a constant. It is not a constant. It varies under the influence of so a = 
‘many factors that the writer purposely avoided attempting» to assign any 
quantitative value to those fi factors at | all. Ifa simplifying average or effective a 
value « of the tie resistance under all peat ony can be used in such a manner _ 
that the theoretical analysis will show a agreement with 


end movements, its use is obviously justified. 


and 

in Railroad Company at we age 0 
observations of end movements made over a of 1 yr, for ‘Various 
temperature changes. It is extremely interesting and instructive to plot these — 
results against At, the temperature change in degrees" Fahrenheit 

from the rail- laying temperature. — This has been done in Fig. 11(a). For | me 
‘comparison, the curves of theoretical end movements obtained by the use of — ¥ 


3 Nore. —The paper by Alfred Africano, Jun. Am. . Soe. .c. E., was published in February 
_ 1937, Proceedings. Discussion on the paper has appeared in Proceedings, as follows 
“Anti 1937, by Messrs. Chester F. Gailor, and E. F. yee ne aM and June, 1937, by Messrs. 
4 N . Baldridge, George W. Hunt, Frank B. Walker, Arthur N. Talbot, Randon Ferguson, | 
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ON NEW THEORY OF RAIL EXPANSION 


to formulate an pander equation accounting for every variation and, -conse- 
quently, the desirability of using the simplest possible analysis that will give 7 
practical results. Equation (9), based on a constant value for T, apparently - 
gives such results, va The important consideration here is that the theoretical oF ; 
or predicted « expansion 0 or contraction is approximately 1 in., as ‘observed for _ 
the ordinary range of temperature change, and not the large value heretofore 
calculated by y assuming free expansion. That. the fear of dangerous free 
expansion actually existed : at the time ‘these ‘Tails w were | laid, is 3 proved by the 

fact that an elaborate expansion joint” was provided by the engineers of the 
Delaware and Hudson Railroad Company to ta. take up the maximum of 22-in. 
end movement computed ; in this is way if one end remained fixed and the other 


_ Equation (9) is plotted with T= = 2100 , whereas Equation (18) is a 
with T = 600 and a joint restraint of 35 000 lb, or about 3 000 lb per sq in. ig 


transmitted by the joint — 


and, in the writer’s « opinion, should not all in 1 designing fasten- 
ings and track for new installations, since the really serious situation occurs tes sie 


when a rail breaks s, giving the condition of two free-rail ends. — By controlling Fea 
the value | of the tie resistance in future installations the magnitude of the a 
resulting | gap can also be controlled. In Fig. 11(a), a value of 2 100 in Equation — 

(9) shows | a better agreement with the observed data than the value of 600 in 
Equation (18) with any magnitude of joint restraint. The high value also 


gives a better basis $a pont why the gaps were only 1 in, or 2 in. when 


* It should be noted that the writer did not arbitrarily assign or ‘ ‘place” Se 
high value of 2 100 lb for T for the reason Mr. Hunt suggests, but solved for 
the e average value that must have been to 


From : additional experimental data made available since 1935, | when, the 
paper was written, the writer plotted Fig. 11(b) showing a a comparison of % 
theoretical with herve end movements for the one-mile continuous welded ae 2 
rail a by the Bessemer and Lake . Erie Railroad Company, at Valley — A 
River The is as good as can be expected for so variable a 
deutare as | a railroad track, and the ‘scattering of the points again precludes 
the use of any assum nption other than simple constant tie resistance. it should . 
be noted that ; very little joint 1 resistance must have existed since Equation (9) _ ft 
passing through the origin obviously fits the data better than Equation (18). v 
The latter would cut the horizontal axis at some particular value of tempera-_ 
ture change determined by the degree of joint resistance which acts to prevent 
any n movement until that temperature change i is exceeded. No distinction has" 

been made in this graph (Fig. 11) between n movements (expansions) -corre- 
“sponding to positive temperature nges and ‘movements (contractions) 


“corresponding to negative temperature change The writer agrees with 
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AFRICANO ON NEW OF "RAIL, EXPANSION Discussions t 
—_ 4 Professor Talbot qualitatively in believing that the direction of the tempera- -_ 
Z ae ture change, up or down, as well as the e magnitude, exerts some influence on mm Tec 
available tie resistance. Quantitatively, however, to judge from Fig. 11(b), Pho 
‘Use of a a simplifyi ing assumption for practical purposes under such circum. val 
a. = stances is by no means without precedent. As Chairman of the Special Com. | ; so 
ay mittee on Stresses in Railroad Track, already referred to, Professor Talbot § to ' 
i 2. ee used an analogous simplification i in the case of the exceedingly variable vertical diff 
ett ev modulus of foundation, or rail support, u, in the development of the ; equation for 
ee - for rail stress due to static wheel loads.® Those familiar with this equation ‘ge 
a. C ere how variable this modulus may be in in different tracks and even from point Fig 
rou 
wri 
nou 
lon; 
req 
smi 
“acti 
con 
Lb per Sq In neg 
RECORD FOR STRESS DIAGRAM, FOR.4 WHEELS be 
40 WHEELS. (THEORETICAL, « CONSTANT) Ba 
12.— ILLUSTRATION OF ANALOGOUS CASE IN WHICH oF Fou NDATION, 4 
a CONSTANT GIVES PRACTICAL RESULTS FOR RAIL STRESSES DUE TO WHEEL Loaps oe a | 
to point in the same track. When the writer began investigating rail stresses in chi 
_ the tracks of the ‘Interborough Rapid ' Transit Company, i in 1931, he found by & dit 
At wil studying the 1 reports of the Committee | on yn Stresses in Railroad Track and by in 
correspondence with authors of papers on rail stresses, that although the kir 
irene 9 variation in individual values of this assumed constant was me be 
~ 
elose to actual observed stresses: to warrant the method. dlc 
To illustrate this. point, the similarity is shown in Fig. 12 between actual 
_ stresses measured by “the” writer in 1934 with a | scratch extensometer | and the In 
static stresses from Equation (24) by using a constant value 


= 1600 and superimposing stresses due to the four wheels. ‘The ret 


‘pond “Track, Transactions, Am. LXXXII (1918), 1191. 


— 
tel 


June, 1938 


era record 


recording strains in the and later was magnified 100 times 
photographed. Since the recorded stress represents the effect of 


‘om. Referring again to Fig. 10, an independent conclusion may be reached as 
Ibot | to whether or not t the tie ‘Tesistance varied appreciably for the same, and for a 
different, temperature changes . Ifitis constant, the accumulating longitudinal - 

force should increase uniformly along a straight Mae, and this the graph shows. | 
_ By noting that the slopes of the lines showing the accumulating stress in ee 
Fig. 10 are approximately 30° from the vertical, for three of the four tempera- ig 
: ture ‘changes shown, _ the conclusion may be drawn that, as far as practical results — 
are concerned, this assumption is valid for all temperature changes. 
‘rounding off n near the top of the sloped li line is to be expected, since, as the ae a 
writer was careful to point out, there is no 10 doubt a ‘slight effect, more pro- 
required to fix the rail completely, the movement \ of the rail diminishes to so 
small an amount that the tie resistance does not have : a chance to come into oe 
action, especially if there is any looseness in the ties. In other words, there a a 
may be a limiting degree of movement above which the tie resistance is fairly — 
constant and below which the longitudinal restraint is more nearly propor- 
tional to the rail “movement. In the writer’ opinion, the latter effect i is 
negligible factor in the computation 1 of the end movement. Ee ered a 
el OA point of practical importance to many engineers—the stress i in the fixed Wes 
part of the rail—seems satisfactorily taken care of by Equation (2), but - a 
writer’s choice of value for the coefficient of linear expansion has been generally See 
criticized. In view of the difficulty of predicting end movements within | a 
more than, say, 75% accuracy, it seems poor judgment to bother about extreme 
accuracy in this one factor just because more or less precise values ge td = 
be available. . The wi writer chose the value for hard steel, 7.3 X 107°, given i in 


the steel handbooks, ni not to recommend its use particularly, | but because 


Lb per Sq In. | 


a better fits the case of rail steel ordinarily having about 0.75% of carbon with © ahs 

higher Brinell hardness number than the structural steel which 1 has about 

| BE 083% carbon and the lower value, 6.5 X 10-8. In addition, where there is a 

ses choice of values, the conservative one ‘would be that giving the worst ie 
nd by dition, in this case, the maximum . expansion, Thus, the highest coefficient ee, 
nd by in athe range for rail steel, 5.5 X to 7. 2 Xx Professor 

h the 

erally 

iently 

é 

actual Fig. 10, it is possible to compute an average value for actual track conditions. — Fé 3 es 
d the HF Ip Fig. 13, the writer has plotted the observed temperature stress against the : 
mee corresponding average temperature differences from the base of 53° F for each — 

ra 


case, choosing the straight line that passed nearest the data as the best stress- 
Th ope of this: line ad same as for ‘the 
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AFRICAN on THEOR THEORY OF RAIL EXPANSION Disoussions 

straight- line orE n Substituting a constant value of 30 000 000 
for E, and solving for n results in the value, n = 7 X 10~, for the best s actual 


track value “of the coefficient of linear expansion in these cases, as a against 
‘the test value ¢ of 6. 3 x 10-6 which Professor favors. 


Pi da the writer, and, in his opinion, s shows that the 

Re inaccuracy involved is not only “negligible, but 

that the round value of 7X is entirely 

4 adequate for the degree of precision warranted 

and should be used in all computations of end 

movements for long rails 

remaining points’ raised by Professor 

Talbot can be considered more briefly. Iti is to 

be expected that the special problems involved 

ee in the r maintenance of long welded rails will have 

to to be. solved satisfactorily before they | come into 

general use. _ Nevertheless , since it is known 

that they do not expand or contract as free rails, 

nd have been in actual use for several years, as 

pointed out in Mr. Baldridge’s valuable con- 

tribution of historical background, they are no 

~ 20 40 60 longer experimental except for these problems. 

this paper serves only to show to the -Engi- 

18.—Comranisox oF neering Profession that the existing statistical 

; evidence in favor of the practicability of long 

welded rails is supported by known engineering 

CAL VALUES BASED ‘on REcom- principles even if theoretical analysis may 

EXPANSION “not be completely satisfactory, the writer’s in- 

- Regarding the use of calculus for deriving what proves to be a simple 

econd degree equation, _ this is the usual method for determining the integral 

1 total effect of factor. The writer took special care to show 

every: step of the precise reasoning “upon, which the resulting formulas are 

~ developed. It may seem unnecessary to those who have devoted years of 


Figs. 9 and 10 are in the existence of 


the fixed intermediate part of the rail as ‘predicted | by the » photographs of of the 


ano 
writer’s elastic model shown in Fig. 2. _ The use of “equivalent stress per 


quare inch” for the measured unit change in length may be confusing to some 

; “Since a temperature change requires the length to change to avoid 
becoming stressed, it might have been more informative to plot the actual data 
to some convenient scale, especially since its use is desired for developing 8 a 


: general principle. - Such data, if obtained near the ends of an intentionally 


broken rail, along with the corresponding end movements would yield \ valuable 


information on the actual maximum holding 1 power r of the rail fastenings. - 
8 ** Mechanics of Materials,” by L. A. Martin, p. 16. Here a similar use of calculus 
is made to determine the extension of a cylindrical cod due to its own weight. ‘The inter- 
esting and analogous result is that the extension is one-half that which would occur if the 
it were at th of 
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senders in use Equations (18), (20), or (21) (or for a 
“matter any equation or its application), the writer heartily concurs with 
fessor Talbot. Both the derivation of the > equations a and their applications, . ca 
‘ the w writer agrees, are too new to be plucked blindly from a handbook. —idIti is of . 
‘equal importance to point out that inaccuracies may be conceded to oh a 
- yet be so negligible as not to affect the usefulness of the theory for all practical 5 om . 
& Mr. Gailor appears to be satisfied with the calculations and formulas as ~ . 
basis for future studies but states that the possible out-of-alignment of a long Bee 
rail ¢ on a \ hot day is a a different condition from - the straight line assumed in the AS 


by excessive nance, the following s summer is not likely | to affect the vend 
movement appreciably, and remains as a problem to be solved by ering 

3 Statement (6) by Mr. Gailor seems to show a misinterpretation of one of the 
fundamental points of the analysis, namely, that the temperature | stress set 

up in a rail when fixed is independent of the length and would be the. come enc 
whether for one tie-spacing or for one mile. ‘Since it t may be of the order of 

200 000 Ib it is impossible for any single tie- fastening to resist. pete The cumulative .; 
‘Tesistance is the e only remaining explanation for the fact that such large f forces 
‘must have been developed to restrain the long rails in present u use. 
cumulative feature of the tie restraint has been ' well established by the experi- 

ence presented in several of the discussions. 
__ The writer regrets having given the impression that he would have eae: 
sidered using rigid fastenings at the end portions only; yet according to the data | 
submitted by Mr. Walker in Table 5, even ordinary spike fantenings prevented 

the ends of broken rails from separating ‘in excess of 2 in.” so that the fear of i 

“disastrous results” expressed by Mr. Gailor and Professor Talbot in such a 

cage seems to be unfounded. However, the writer: would recommend using» 

some relatively economical type of rigid fastening for the mid-section we the nen 

_ best available rigid fastenings at the ends. . In this way the definite end move- a 
“ments occurring with temperature chenen are reduced to a minimum, thus ae 
- avoiding trouble with the insulated joints which, to a great extent, will deter- as +; x 
“mine the practical maximum lengths of welded rail - The number of rail 4 
breaks for standard rail is of the order of 1 per track-mile in 5 yr of service. ; ; 
Thet temperature stress }may in increase this, but it will depend on the experience o 
“and judgment of the e: engineer as to > degree of rigidity and extra expense 

he will consider absolutely necessary to offset the risk of this occasional failure ae 


3 Mr. Kenney believes the vital problem is not so much the control of linear 4 af 
= expansion control of lateral expansion without, Possibly, increasing 
oft 


| 


Lons 
000 
ual 
inst 
This 
> 
ised 
but 
rely 
ited 
end 
| | straight tangent track. However, even if the rail is laid in the winter, which — ~~ 
into 
own 
as 
Ai: 
> 
iNgi- 
tical 
may 
in- 
nple 
are 
sof 
e of 
per 
some 
data 
ng 
lly — 
table Be 
| 
leulus — 


; 


case Mr. of ‘the shearing of joint b bolts followi wing 


a sudden drop in temperature | is s significant a: as it indicates the need for investi- 


Bs 3 vi continuous grail. ‘The writer has observed frequent cé cases in which rails have 
= up” or closed their gaps in warm weather and then have acted as a 
init in in one case permitting a gap open almost 


maximum gap opening for a of 100° F it is 
estimate the length of anchorage and the average t tie-resistance that had to come 
s into action in this case. A 2. 5-in. gap means that 1.25 in . of contraction 
ies occurred in the critical length on each side of the joint. . This is t the free 
expansion for 160 of. rail, Mr. Baldridge -ealculates, by ‘substituting 


for 1. However, ie: length, 1, expansion or contraction without 
restraint, and since the actual degree of expansion varies from that. for a 
et, a 3 free rail at the le gap end, to zero at the opposite fixed end, the average rate of 


expansion is is only one-half the free expansion as the writer demonstrates by 
os Equation (9) and Theorem 1 in the paper. _ Consequently, the length | of the 
anchorage mist have been twice 160 ft, or 320 ft, on each side of the joint. 
* he _ Assuming 2- -ft t tie- spacing, the average longitudinal resistance of 160 ties will 
ae a be available to equal the total temperature stress set up when the rail is finally 


stress 1 from (2) is 19 500 lb and sq in., , if n is taken 


. os 000 Ib, i ‘hich, divided by the 160 ties, gives as the probable effective 
resistance of each tie 1 300° lb. Equation (9) would have given’ this value 


The developed the “‘special” case first for two reasons: It is Togical 


to start with the simplest case; and since this tells the maintenance-of- -way 


G engineer what maximum gap opening to expect, it is the most important case. 
ge ‘Table 3 is useful to show the effect of joint restraint on the calculated 


vi = value of the: tie resistance. — Both Messrs. Hunt and Magee believe the influence 


Pr considered. too high a a value for T in the illustrative examples. pa ‘These examples 
show that | two different values may be obtained by using a definite joint 
restraint and by. considering the gap ata free end. Henee, it should follow 
- that the correct application of Equation (18) at. @ joint to determine the tie 
ss restraint depends upon an accurate knowledge of the degree of joint restraint. 
eo _ It is much simpler to obtain accurate values for the maximum available tie 
resistances, by reproducing the condition of a free end. Thus, by loosening 
s the joint bolts and noting the free end movement, the elementary Equation (9) 
can be applied. — Purposely breaking th the long rail at some point | on the fixed 
would accurate of obtaining the data to guard : against such 
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ingency. effect of the joint r restraint on the 
fixed part of the rail regardless of whether or not joint 
restraint exists. 1 Its only effect on the end movement is to decrease : : 
. In Table 4 Mr. Hunt demonstrates that an 8-in. gap might r result if ordinary — 


were 1 made continuous. The actual in of the dis- 


temperature stress" is replaced, are interesting, but such stresses may 

not be serious since they 1 would have a good chance of being ‘ nm “ironed” out ia tz, 

vibration and wave action in the rails due to the wheel loads. " Creeping of ee 

rails produces” a similar effect and is no doubt responsible for some of the — 

scattering in the observed points in Fig. 11. 

Mr Walker’ s photograph of the ‘ ‘sun-| kink” (Fig. 8) on a welded rail is 

extremely interesting, and his experience in in eliminating this trouble in the 210 

miles 0 of unpaved welded track of t! the Eastern 1 Massachusetts Street et Railway, i is 

a valuable addition to the paper. He ‘reports that the actual e expansion in | 2 

the 660-ft lengths was about one- “half the expected 6 in., thus checking 

phenomena observed in the V ictorian Railways i in Australia and corroborating a 


Theorem 1 The incident of the rail “popping out” of the ‘Temaining 


this possible source of danger, and as an illustration of how the total resisting — 
force is an accumulation of many small forces. 
= Mr. Ferguson’ 8 objections to the use of a uniformly i increasing anchorage. due 


to constant tie Tesistanee are similar to those of Talbot 


is not necessarily a straight line”’; 


to Ww ho noticed discrepancies with the expected gaps 

e. Mr. Magee agrees s that the tie resistance is more in the nature of a frictional | 

than an elastic Tesistance. ‘To explain en end movement where no surface evi 

- dence « of movement is noticeable, he suggests that slippage ‘may occur : along the 

_ horizontal plane at the bottom of the ties—the rail, ties, and ballast moving as ee 


a unit. However, cases are on record in which didies of ‘the | rail occurred Pee 


through the particularly when the temperature dropped por 


Aq uestion raised regarding the magnitude of the bu okling g 


in should be stated that this equation assumption 
that the half-chord of the curve enclosing two tie spans is equal to’ the tie. 
span, c. This j is a close approximation. . Radial of about the sam order 


May exist Ww hen the speed of a train around a a curve exceeds that corre p 
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AFRICANO NEW THEORY OF RAIL EXPANSION : 

The same lateral rail anchors that are already in “use 


ay be sufficient to hold the additional radial force 
ue to ‘temperature stress, at least for curves of large radius. | For sharper i 


. 
| 


this effect ‘might become serious, and the added factor of a ‘shorter 
life may make welded rail inadvisable in certain cases. = 
In the writer’ opinion the entire track structure of the will be 
altered radically from that called “standard” to-day in t the effort to obtain: 
_ the maximum economy and the smoothest riding from continuous welded rail. § EF 
A continuous elastic support under the rail in. addition to adequate cross- Be 


- me embers and | a ‘concrete sub- grade should do much as an approach to the more ee 


tional structural ‘unit to parallel: wee advances | in modern 
ream- sined trains, 
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“CONCRETE PAVEMENT JOINTS 
iscussion 


RTHUR R. 16 M. Am. Soc. C. E. AND > SANFORD | 
M. . ‘Au. floc. (by letter the « discussions of this. paper 
sewer es been called to some very | important. considerations i in dowel-ba 


installations and their functioning as a load-transfer device across joints ix in 


Tt was appropriately suggested that, in view of the results of ‘the experi- “oe 
work to determine permissible er error, the recommended specification for 
accuracy w was too liberal, particularly since the joints in the experimental slabs i 
were e opened and closed ‘@ith no vertical loads, simulating wheel loads, at or 
near the joint. — If the slabs had been loaded during the tests, it is quite likely - 
that different results would have been « obtained since the effect of wheel load 
and some directions | of dowel- bar error are additive. In outlining the program 
of tests it was the original intention to conduct the tests in this manner on 
different types of sub-grade and, in addition, to construct experimental slabs 


for test at a time when pronounced curling was present, at the joints. — How-— 
ever, time and expense made such an elaborate program impossible. - Because ee 
of the need for a specification covering accuracy of installation, to correct Pl 
careless” construction practice, the study was | imited to. a single 
phase of the subject; that i is, to misalignment alone. 
Bik § dowel-bar stresses the ‘concrete in which it is ‘embedded because its axis 

3 being bent, due to such causes as traffic load transfer, curling of the pave 


ment at joints, , unequal heaving due to frost action, o or biading when the joint 


4 


_ Novre.—The paper by Arthur R. Smith, M. Am. Soc. C. E., and Sanford W. Benham, 
M. Am. Soe. C. E., was published in June, 1987, Proceedings. Discussion on this 
paper has appeared in as follows: October, 1937, by Messrs. L. W. Teller, 
; David J. Peery, and L. J. Mensch; December, 1937, by Messrs. Ww. 0. — and 5 ws 
A Smith ; and January, 1938, by L. E. Grinter, Assoc. M. Am. Soc. C. E. 


Pa Cons. Engr. (Eng. Service), Chicago, ; formerly ‘Materials. and Tests, 
Research Engr., State ‘Highway Comm. Burea als and Tests, 
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BENHAM ON ACROSS PAVEMENT JOINT 


opens (due to misalignment). ‘With the exception of 
all the other causes which tend to bend the bar, , thereby - damaging the con- 
Bee, - erete, are entirely independent of the accuracy with which the bar is installed; 
is, a ‘misaligned bar across a joint that has not in width wil 


"bituminous paint (approximate thickness, 0.020 in. ) to prevent bond provides 
aha a clearance which, although u ndesirable in load transfer, is of great advantage 
ie Ae in permitting some movement. - a joint with misaligned bars before the bars 
begin to bind in the concrete. Although clearance is undesirable as regards 
SS he load transfer because the bar does not act until the loaded ‘slab has deflected 
and because it also increases the funneling ¢ action of the bar, , Clearance must 
be had because, without it, it is not possible | to install the bars and hold them 

in position during the placing x and finishing of the concrete with ‘sufficient 
precision to permit movement without cracking the concrete. 

any joints in the experimental slabs were opened and closed at the rate of 


0.1 in. min. In is very slow. ‘The pavement has 


| pecilny the dowel- bar providing clearance which, with that created by the 
paint and oil, is sufficient to permit closing of the joint without distorting the 
bar enough to crack the concrete. This is a possible explanation for the 

a apparently satisfactory condition of the installations shown i in Table 1, in some 


- of which the bars are in extremely faulty positions. _ These e installations : are 


“now (1938) three years old and all the joints are at present in apparently 


, _ For these reasons it was believed that a specification for accuracy of in- 


more rigid than that recommended would add very little to the 
_ satisfactory functioning of the joints; certainly not enough to warrant addi- 


- tional cost. Because of the already high cost of joints it is undesirable to 


specify a additional refinements unless it t appears rather certain that improved 
structural efficiency will be obtained. ‘The recommended specification for 


accuracy, if it had been i in effect during the construction season of 1935, would 
the ‘contractor to replace the ‘joints identified in Table 1 
10, 11, and 1: 13. _ Field tests condueted during the following 

season, sere the smecilinetion wie in effect, showed that the bars were being 
installed with a degree of precision considerably better than that obtained 
nt in rather hen | an encouragement of 

ae The question has been raised concerning the tension produced i in the pave- 


Opening of a joint was 3 "3000 Ib per | bar which 50 Ib per sq in. 
stress in ‘Sin. pavement in to the tensile. stress caused by sub- orale 


both: dowel- bar and sub-grade resistance but the experimental slabs were 50 


Slab lengths in actual pavements that sub- ane 
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June, 1938 SMITH AND BENHAM ON Dow EL-BARS | ACROSS: pe 

“friction can be ignored. fa this instance the dowel-bar error was maximum 
(L6 5 in.) - Too open the corresponding slab in n which the the bars were installed ; 
perfectly required 2 100 Ib pe per bar, | or 35 Ib- per sq in. tension in the slab. 

Thus, reducing the dowel-bar error from 1.5 in. to ‘Zero (perfect installation) 7 
reduced the tensile stress in the ‘pavement 15 Ib per sq in. It is believed that. -_ 
-this reduction. in tensile stress is not great enough to add appreciably to the | 
structural efficiency of the joint; certainly not enough to hearyrsk an increase Solr 

is impossible to state definitely whether or there was progressive 
destructive action during the successive cycles of opening and closing the joints. 
After the appearance of the first crack or cracks, additional cracks occurred 
during the remaining -eycles of movement in very ‘few of the test slabs, , due 
probably to the partial relief of f stress in the slab. This observation i is subject 


to a certain amount of modification | since, in some instances, cracks were ae. 


a 


to be seen : until after additional cycles. The loads required to open and close iat a4 
joints decreased slightly and rather uniformly with successive cycles of testing | a 2 
- which leads to the belief that continuing the tests beyond ten cycles was not a 
It has been ‘suggested that ‘are more serious than horizontal 
errors since it would seem that the pavement would ¢ offer less resistance to. — 
failure of. the type shown to the 1 right in Fig. 9 than to the formation of ee 
vertical: crack throughout the depth of the pavement as would be caused by 
—abar having horizontal misalignment. . This seems to be a reasonable c opinion A 
although: failures were about equally divided _betw een the two directions 
Zz It is hoped that the interest displayed in this subject is an indication of . 
inereased attention to the perfection of load- -transfer devices across in 
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CTIONS- IN RELATION 


FOUNDATIONS. ON PILES) 


R. M. M (by. letter).? 2—One of the most 
“esting experiences that can come to the engineer is to have repeated contacts 


with engineers and architects of every professional status, who have piling 
- foundation problems: to solve. . Perhaps no other work has been given as little 


actual study by the mass of engineers and architects and in no other field are 
mistakes repeated so persistently. The very general attitude seems to be that 
brains are needed to design and build a structure but that almost any one can 
drive piles into the ground, and that once driven the matter is settled | for all 

i time. — The courage of ignorance has been so general that the writer was 
3h ‘mae and wrote “Soil Reactions in Relation to Foundations on Piles” in 
cone the hope that. he might emphasize i in simple terms, and i in readable form, why 
ce some of the commonest mistakes occur. - he has made a few of the most 

mI dearly cherished fallacies seem questionable, something may have been accom 


plished . The discussion of this paper has been most considerate although by 


Hill feels the writer gives more weight to pile-driving ¢ ond loading 
tests than he should. Perhaps the thought was not well expressed. In sub- 


a stance, it should have been much as follows: In i impervious soils or combinations 

i of pervious and impervious soils, the commonly used “yardstick,” the dynamic 

pile- driving formulas are of but small value whereas the test loading of single 


- piles is ; not much better; nor is the test loading. of single piles, a , cluster « or mat 


: in ‘such soils, if ¢ done too quickly after driving.  * however, a cluster i is test 
loaded after a sufficient lapse of time to allow tee some ‘re-arrangement of the 


soil particles, even if the cluster is not of of an area comparable i in size to that of 


the foundations, the results will more nearly - approximate those of the founds- 


_ Norge.—The paper by R. M. Miller, M. Am. Soc. C. E., was published in June, 1937, 
prowmmsaes. ‘Discussion on this paper has appeared in Proceedings, as follows: Septe= 
ber, 1937, by Messrs. Hibbert M. Hill, and George P. Stowitts; October, 1937, by Messt® 

eorge A. McKay and Chandler Davis ; and December, we, by | Messrs Harry E. Sawtell, 
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“load testing the cluster, or immediately after ‘driving. Test a 
group as suggested should offer an improvement over the usual methods, but oe 


The writer wishes to concur in the closing sentence of Mr. 
Hill’s discussion which states that ‘only the inexpert are courageous enough et 
to proceed, where compressible materials ar are involved, on the basis of ordinary — - 


a. Mr. Stowitts advanced | the ‘thought that t the order i in which piles are driven if 

is an important factor in the final result. ms Such matters _appear to be lost i 

sight of in favor of apparently more. important considerations; but, ‘if mis- a 
handled, they may become of as much importance as any other factor of the a: 
problem. fi The sub- -soils underlying any two ‘projects are never exactly | alike: ee 

In one, it may be advisable to drive alternate runs of piles and return a second te 
time over the same ground; in another, as suggested by Mr. Stowitts, ‘it may + : 
be well to begin driving at the center and work outward toward the edges; and ~ 

in another, it may be best to work uphill rather than down, or vice versa. — in 8 : 
any case, careful consideration should be given to the control of heave and 2 = 


than can be had from the used Engineering-News | formula 


On the other hand , he: feels with Mr. McKay that the unknown effect of the a 
use of the several kinds of driving cushions of different thicknesses an and different ae 
materials should be more thoroughly ¢ examined . That this factor affects sthe = 
results in 1 considerable but unknown degree cannot be doubted, and, yet, how 


‘many engineers give the matter consideration? 
The use of Equation (6) for the resistance to movement of a pile through $: 

ap, silts, etc., appears logical provided the friction value of the soil and the 

type of pile is known within reasonable. limits. Mr. Crandall states. that 

, “friction tests should be made for each locality and for the lengths of piles used i 

‘unless other tests are available for the same soil and locality.” a ee 

ub-soil formations may lie fairly uniformly under a project site, or the 


found to be the case one friction test should be sufficient; but if the latter is true es 
the : number of friction tests should be governed by the conditions. As an 
example, refer to the writer’ s description of the sub-soils underlying one of a 
- the buildings of the Laurel Homes Housing Project, in Cincinnati (see heading — 
“Average Practice”). In the space given as 35 by 150 the use of Equation (6) “ 
Would i insure equal settlement, or no settlement, only i if at least six or cor el ig 
More friction tests were made. equipment 


would affect the cost 


June, 1938 MILLER ON SOIL REACTIONS 
ots 
. _ The writer agrees with Mr. Crandall that the dynamic pile-driving formula 4 i 
where niles driven in sands cravels and such incohociv 
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MT. Sawtell states that the writer has cited no examples Ol elect orthe 
remoulding of clay during pile-driving upon subsequent settlement. This 


iF 


_ quite correct, due to his inability definitely to connect effect to this | causk 
In fact, he agrees with Mr. Sawtell that “driving piles: into clay cannot be 
vig compared to remoulding a clay sample i in the laboratory,’ ’ and that “he (Mr. 
ce - Sawtell) does not think that the results of actual construction 0 or any published 
. experiments can justify any assumption that driving piles into soft or ‘medium 
a clay will completely or largely remould it.” Z In fact, the writer’s observations 
es _ineline hi him to the belief f that, : although some  remoulding of the clay surrounding 
= a pile undoubtedly ¢ occurs during g driving, the soil particles re- e-adjust themselves 
after driving so that, in time, the effect of any remoulding disappears. Further. 
more “the slow but sure e compacting of underlying clay beds” is a characteristic 
ee ne of this type of soil and furnished a more logical reason for en than the 


Although insistence should come from engineers that more thorough soil 
oy investigations be made than is customary, it should go further than that. 
Ties long as contracts for borings or open-pit explorations are let through com- 
_ petites bidding to the low bidder, with little regard for his knowledge and 
experience, so will much of the foundation work be inexact 

# Occasionally, the contractor’s superintendent or or foreman in of such 
is competent to: secure representative to 


ad 


‘Tt has been the -writer’s experience, 80 many times, to work ith 
_ boring records that subsequent construction has proved to be inaccurate that 
he looks with | suspicion upon any records of | soil exploration unless he is $ Sure 
that: competent men have been in charge. Results indicate that too much 
be taken to secure sufficient and accurate preliminary 
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MEASUREMENT OF DEBRISL 


> 
Discussion 


at. 
nd 


7 of the San Dimas Flume developed by the authors were begun at the Calvan a — 
°R of California at Berkeley, Calif., in 1937, in co- operation with the California — a 

ith Forest and Range Experiment Station. As this type of flume presents | mS 

analytical problem that should be susceptible to solution 1 by established 

hat 

methods,” ‘it: is interesting to make comparison of the ‘observed and com- 


puted water. surface profiles. The following comparison is the case of 


The ordinary equations for non- n-uniform flow in open channels are derived 


on the assumptions that steady flow exists and that the’ flow lines possess iva 


negligible curvature and slope. These assumptions regarding the flow lines 


than atmospheric by an amount equal { to the unit weight of the fluid, times the 


vertical distance beneath the free surface. However, in open channels where _ Aaa 


the section changes size or shape, or where the bed slope varies abruptly, it is 


evident that the flow lines are not in conformance with the foregoing : assump- 
tions. 4 Nevertheless, in the | following discussion, the ‘computations are based ah 


on the simplifying assumptions of negligible curvature and slope of flow lines oP 
and have been made for a particular : run of one of the models of the San Dimas 
Flume shown in Fig. 16, in spite e of the observed conditions shown in Fig. 17. eS 
# The particular flume was coated with sand of uniform diameter of approx- ee 


imately 0.02 in. value c of nin Manning’ s equation was found to be 0. 0148 


_.. Note.—The paper by Messrs. H. G. Wilm, John S. Cotton, and H. C. Storey, was pub-- 
lished in September, 1937, Proceedings. — Discussion | = paper has appeared in Pre & 
ceedings, as follows: February, 1938, by Messrs. R. Parshall, and Martin A. Mason od 
March, 1938, by Edwin S. Fuller, Esq. ; one April, 38, Messrs. Harold he Palmer 
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lydraulics of Open Channels,” by B. A. Bakhmeteff, M. Am. Soc. C. E.; and “ 
CE ‘luid Mechanics,” by M. P. O’Brien and G. H. Hickox, Associate Members, Am. Soc. | a ca 


be 


one pus 
049 Dus is 


is that section at the beginning of of the flume 
that Is 6 in. wide ‘should act as | the control ‘section because the 3% bed slope i is 
- substantially | greater than the critical slope e for the given channel rc roughness 
and discharge. et The discharge was 0. 927 cu ft per sec for the particular run 
considered herein. .. Thus, in the | computations the ‘critical depth was assumed | 
0 occur at the beginning of the 6-in. width, and the back-water was computed 
up ) stream and down stream from this section by the specific energy me method . 
| The foregoing value of Manning’s s nw ‘as used in determining the energy - loss. 


A comparison of the ‘ ‘observe :” “computed,” on" “frictionless” water surface 


It is interesting to note that sitiaade no contraction loss was assumed to 


occur in the flume transition, the frictionless and observed profiles : are at very 
small: variance in the e up-stream | section of the flume. In closed conduits the 
entrance loss due to a well-rounded transition is of the order of 2% ‘of the 
increase: in in kinetic ae which appears to be approximately the case in in this 


ss of 10% of the kinetic energy increase is commonly pated in designing 


‘ ot “ Laboratory Investigation of Flume Traction and Transportation,” by Y. L. Chang, 
edings, Am. Soc. C. E., November, 1937, pp. 1701-1739. IF 


Geschwindigkeitformein und Raughigkeitzahlen,” by A ‘Stri kler, Mitteilunge 
es Amtes ‘Wasserwirtschaft, Bern, Switzerland, 1923. 
Vertical Distribution of ‘Velocity in Wide | Rivers,” N 
C. E., Transactions, Am. Unica, 1937. 
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the immediate vicinity of the control. — This would be expected, however, as 
‘it is here that the flow lines have their greatest slope, ‘and this influence was - : 
neglected by the original divergence is seen to occur at 

the free discharge | end of the flume, but this is explainable in part because 
allowance was made i in the computed profile for the draw-dow own at discharge 
is ‘measurable 5 or 6 in. back from the brink. be 
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me 
is 
Fig. 17. COMPARISON OF OBSERVED AND WATER 
ed ROW TLS; = 0.927 
The good agreement between theory and experiment by the 
example in this discussion indicates the of applying the same ‘method 
to all the data presented by the authors. Substantiation of the theoretical 
v method in this manner makes s interpolation possible in other designs other | 
, locations of pressure taps, and variations in surface roughness. nee Pay. 
yd C. STEVENS 24M. Am. Soc. C E. (by letter) —The : authors of this 
ri paper offer a solution to a perplexing problem wherever the conditions permit — 
eo the installations indicated. A prime Tequisite | is an abundant drop at the — 
‘structure. The profiles of Figs. 10 and 13 “could not be maintained 
- ‘tail-water should cause a hydraulic jump 0 on the bed « of the flume ‘and thus 
deposit much of the « débris. A definite drop of substantial 
Ydraulic jump when heavi mat 
so 
> Cons. Hydr. Engr. (Stevens & Koon), Portland, Or 
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DISCUSSIONS 


TRANSPORTATION 


Rugus W. PUT M, AND S. 


RS, AM. Soc. C. E | 


FUS W. Pur am,” M. Am. Soc. C. E. (by letter). preparing 

a of the two basic papers for this Symposium, it was hoped that the main points de 

f at issue in. this question of rail versus w water transportation w ould be set 1 up — 4 

in such a ‘manner that in the subsequent discussions there would be avoided 

rehearsals of the many minor subjects v which in the past have been responsible — — 

for the apparent confusion of thought obscuring the few facts and principles — ae 

inv volved. The almost complete absence of direct discussion or criticism of th the 

‘paper itself leads the writer to the conclusion that it failed in its purpose : and Pe 

that he inadvertently so expressed himself as to stir up a “hornet’s nest” of 

‘It has been held that the “public n necessity requires a satisfactory trans: 

portation service—one which is adequate, efficient, and economical. A gen- ae 

eral statement, such : as this, necessarily becomes relative only applied 

to specific cases. It w would not do to condemn river transportation because : 

of the closure | of northern waterw yays during the winter season , or on account Bee 


of circuity, or because of rigidity, any more than it would be ‘correct tocon- 
ee transportation on the Great Lakes for the same reasons. From the 4 


point of view of the user these considerations affect o1 only his over-all trans- of 
portation costs, which include the cost of storage of requirements during the es 


——The Symposium on Water Transportation Versus Rail Transportation was 
presented at the meeting of the Waterways Division, Little Rock, Ark., April 25, 1936, as e. 
and published in September, 1937, Proceedings. Discussion on this Symposium has ap- ast: 

Se in Proceedings, as follows: October, 1937, by George Hartley, Bsa. ; ; December, 

4 ne, by W. D. Faucette and J. E. Willoughby, Members, Am. Soc. C. E.; January, 1938, _ 
by C. D. Bordelon, Esq.; February, 1938, by J. B. Goodrich, Esq. ; 4 and March, 1938, by 
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No general the improvement. should be 


we entertained these days on account of the inadequacy of rail service. I Even 


in times of national emergency, although the waterways themselves might 
have excess available floating and terminal “equipment 


‘Teserve against inadequacy of other not great. 
a ie On the tangible side, the entire question is one of economics; but, ‘tilieata 
ae this seems to be a very difficult question when it comes to obtaining 
any degree of agreement as to the factors involved. tad In the first place what- 


one method of comparison is used it would be best to. apply similar, if not 
& identical, tests to rail as well as to water transportation. _ It is believed that 


the use of the method of comparing freight’ rates is generally recognized a: as 
incorrect. ~ Rates of water carriers: do not carry the investment, 1 maintenance, 
oy 


and operating costs of the projects; ; those of rail | carriers in some cases are no 
om more than, if as great : as, out-of-pocket costs, whereas, average rail rates are 


known to be insufficient to carry fixed charges on the « entire railroad invest- 


‘ment of the country. Rail rates should not be compared with water costs, 


even ‘if the latter include fixed charges on the waterway improvement plus 


ae maintenance ‘costs (see heading “ ‘In Justification: Comparison of Costs,” in 


the writer’s paper). * The only s olution apparent to the writer seems to be “< 


Ma attempt to > compare 1 ‘rail costs with water costs, and, at ; best, such a procedure 


n result only in an approximation. 


eri As to out-of-pocket operating costs of the carriers there appear to be no 


particular difficulties except th the reluctance of water carriers to reveal their 
confidential data. Maintenance- -of-way costs for the railroads: and main- 

tenance costs are readily ‘available. The principal obstacle 
re reasonable of what should be 

If it is assumed that capital cost it is to be measured i ‘int terms of expenditures 

; to ‘produce these . transportation a agencies, , difficulties are encountered in either 
ee case. For the waterways, it is possible to go back and sum up the expendi- 
“tures | for “New Work” for any project. oe! here flood control and bank pro- 


tection are > not involved this i is comparatively - simple, but where they do form 


000 000 for the ‘system under also” to Mr. Hartley's 
). This estimate did not i take i into | consideration the invisible costs 

of bridges which, in a ‘more. accurate determination, should be included. 
Merely for purposes of illustration, the writer has roughly estimated that the 
“thé 

extra bridge costs involved on the 850 miles of the ) “Mississippi River above 


Cairo, « on n account | of greater clearances, and the p provision. and operation of 
draw-spans (capitalized), would approximate $16 500 The item is 
stantial but not large i in comparison with the totals involved 

_ The writer’s estimate made no deductions } for the cost of early river im- 


provements, long ‘since superseded, and which ha very little value as 


the 10re modern projects: under way or recently completed (sce 7 
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Faison’ disvussion). more accurate determination of costs 
allowance for these substantial items of e expense. 


“WONSON ON WATER VERSUS RAIL TRANSPORTATION 


4 money expended on construction ‘would give the answer as there 
~ are costs of very substantial proportions which the investing public have paid 
during the lifetime of the railroads for which there are no visible, , tangible - 
returns . Several of the railroads i in the ‘Mississippi ‘Valley have gone through — i 
the experience « of alternate periods” of prosperity, receivership, sale, and re 
organization. _ Securities have been scaled down and i in some instances ‘ ‘wiped 
out”; the cost of a any y such losses should be included as they represent expendi- 


tures by the public r made for the e purpose of of providing transportation. | va 


The use of the cost-of- reproduction method as a basis of comparison is not 
believed to be correctly applicable in this case. To do so would be to supplant he 
fact with theory, and theoretical returns on theoretical investments cannot 
be used for the payment of taxes, interest, or dividends. % As far as waterways oa 
are concerned, it would be necessary to calculate the cost of reproduction on — ee 
the basis of an assumed rate of construction which is next to impossible to te 


in predict with irregular Congressional ‘appropriations. . Assumptions or theories 
would have to be applied to determine rights-of-way costs, which are sub- 


= The writer made use of this method in his computation of railroad trans- a 
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10 J Portation costs merely becau: 
ir 4 the railroad system in the Mississippi Valley o on the ba basis of past expendi- as 
tures. His results, therefore, are only an 


> he expresses the hope that nays writer would present ren as to actual exis- am 


‘actor of 21% with of only 6.4%; case 
is about the minimum. ~ Large coal operations on the Ohio River and the Monon- | a 
gahela River are conducted with towboat load factors of about 40% and becge 


load factors of 25 per cent. Only where an operator has a fairly well an 
bred movement of bulk commodities do the load factors exceed these values. | 8 a 


Much of confusion with which these questions are to be 
ed. 


saad published ‘papers: 


im- .. Wonson, a1 1M. Am. Soc. C E. (by. letter).”! 314 writer desires to ex- 
rts appreciation of the of his paper and of the various considera- 

> 
Mr. Asst. Chf. Engr., Mo. Pac. R.R., St. Louis, Mo. 


Received by the Secretary May 19 1938. 
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ON WATER RAIL TR ORTATION 


of interest and value that have been both proandcon,. 
; To the extent that 1 the discussions present a view point opposed to that of 
cae paper, it would appear ‘that a rebuttal would involve substantially a a repeti- 
tion of facts and conclusions already expressed. etre f 


Eh There is one collateral consideration that seems worthy of mention, namely, 


that the natural and primary function of a river is. that of a | drainage ch; channel, 4 
and that works for the improvement of navigation, or for other purposes, ‘should 
not be allowed to impair the drainage function, or to amma any necessary 
a Of the force of this on, the disaster of 1 1987 along the Ohio River 

a grim reminder. Along major stream of the Mississippi Basin, 
upon which extensive V Ww vorks for the improvement of navigation are being c con- 

there: are in 1 apprehension of the effects of a 
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DISCUSSIONS 


PRACTICAL APPLICATION OF SOIL MECHANICS" 


OA. 80 AM. (by letter).® There i is an extraordinary 
py in the flatness of deow of the Mississippi River levees built by he og 
Army Engineers when compared with dikes abroad. _ Mr. Buchanan’ 


+4 


instructive description i is interesting , and reveals this startling difference | very 


In China, Germany,” The Netherlands,**: 83, 8 France, Hungary, 
Italy, or other countries, dike slopes § are much steeper, and volumes are much > 


smaller. The “Mississippi dikes are not than foreign dikes in several 


In thin. the Y ellow River dikes have slopes of lon2 Cochin- China,® 
the river side has a 1 on 2 (2, and the land side, a 1 on 3, , slope. ‘Steeper slopes 


‘ilso prevail i in Germany and Denmark.*® In The Netherlands the ‘inside 
slope, even on the most exposed sea inn is 1 on 1.75. “es -Caland® states 5 
that. the slope is determined mostly by the capacity of the ook to grow. a good ~ toe 
sod. The outer slope i is determined by the location. W here exposed to eS a 
‘gales, the outer slope may be : as flat as 1 on 12, but along the rivers this con- 


Nore.—This Symposium was | presented at the meeting of the Soils Mechanics and 
.: = Division, at Boston, Mass., October 7, 1937, and published in September, 1937, ms 
eo - Proceedings. — Discussion on this Symposium has appeared in Proceedings, as follows: 
no September, 1937, by the members of the Committee of the Society on Earths and Founda-— 
x | _ tions ; November, 1937, by Messrs. S. C. Hollister, T. T. Knappen, and L. F. Harza; De- 


—cember, 1937, by Edward Adams Richardson, Esq.; January, 1938, by Messrs. Richards M. 

Strohl, William P. Creager, Jacob Feld, and » A ie Chang; February, 1938, by Messrs. 

4 Charles Senour, Donald M. Burmister, and Donald W. Taylor; April, 1938, by Messrs. Lee © 

H. Johnson, Jr., and Gregory P. T achebotared ; and May, 1938, by William L. Wells, Jun. 
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tot dyksbouw,” by A. _Caland, 1833 


BH Digues du Tonkin,” by J. Gauthier, 1930. 
der ” by Paul Ehlers. 
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¥ __*“ Flood Problems in China,” by the late John R. Freeman, Past-President and Hon. 


is ‘interesting to note that another of the U. 8. uses 
slopes of 1 on 2 for the ‘dikes: along the All-American Canal at the ‘Imperial 
1. These slopes compare with 1 on 6 and 1 on 8 along the Mississippi 
River! difference in yardage is enormous. Clay is said to have 


Unsatisfactory along | the Mississippi. _ This can only be due to the fact that 


‘Netherlands, Germany, and Denmark, clay has been used extensively 


“ > ee times. ‘There are also many y sand dikes, but these are alw ays covered 


is very ancient in Dutch dikes. The writer has built many 


miles of clay dikes along the Saramacca Canal i in Surinam, having slopes of 


lon n 13 which proved quite satisfactory. ‘The unsatisfactory exp experiences with 


clay along the ‘Mississippi River can only be due to lack of moisture control, 
The Dutch system, however, is more rego than the U. Army system 


dike called “spekdam” is up on the Behind ‘this dike a dite, 
an called “verskade sloot,’ ” is dug deep enough to drain the borrow-pits. — 


_ borrow-pits are separated by strips, , left in place, te to prevent erosive 
The ditch i is drained | or pumped. Clay is placed and rolled 
in convex draining to both sides. In this no trouble is 
On the great rivers of Cochin-China® the outer res (1 on 2) was provided 
with a clay cover, rolled with corrugated rollers. The i inner slopes are 1 on 3. 
iy In the course ¢ of time the ancient a art of dike building has been greatly per- 
- fected in those countries that were in need of ; Higher | profiles are needed 
in many places, however, as Mr. Buchanan shows for the Mississippi River. 


. In ae thirty-nine major catastrophes have occurred since the Twelfth 


ae entire network of dikes. exists in The sghioboaton forming a auxiliary lines 

oe of defense. _ There are “sleeper” dikes, “bosom”’ dikes, inner and outer, winter 
Ase and summer, , river, and sea dikes. . In many places slopes are Protected i in an 

Baro a The expedient of iniudieas slopes, , which M Mr. Buchanan describes, to make 
he structure stable in soft ground, is an ancient one. Caland, an experienced 

dike | r, writing in 1833,* ‘describes the ‘building o of dikes on ‘soil into which 

a stick could be thrust 12 ft without effort. . He states that the side. upthrust 

an be counteracted by flattening the slopes, and describes a case that occurred 


; in Middelburg Harbor, in 1816. an" The Dutch have another ancient at and success: 
ful method constructing dikes” on soft foundations. It consists | of 
covering the dike > seat in the center by a “zink stuk,”’ or sink piece of fascines. 
This prevents | the lateral escape of the dike material, and of the foundation. 
Doubtless the great differences i in design i in Europe a and the peep States 
due to differences in local the low 
gineering is a 
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work has be been. de veloped a Dikes 4 40 or 50 ft high have been 
‘constructed between two submerged dikes of fascines, made of sink p pieces. 
‘There is a great variety 0 of methods of slope protection - In that manner the — ie 
“Dutch are able to construct clay - and sand dikes through a depth of 25 or 30 ee 


iE open sea, subject to the force of storms. Such ‘methods would neither 
3 
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be possible nor economical in the United States where , apparently, an inordi- 
flattening of slope bas been found to be the best solution. dp 
ee The method of computing these slopes, described by Mr. Buchanan, does 7 
not seem to the writer to offer any better guaranty for their stability than that im a 
ob obtainable by older methods. the great advances in soil 
mechanics are confined to the laboratory. The writer disagrees with Mr. _ 


. Buchanan | and feels that, for the present at least, the application of soil me- 


chanics has caused no visible progress in: The art of foundation « design; 


a 4 and (2) the methods for computing s soil ‘stability. first has always: been 

n uite are as approximate : as s they ever 


since ancient times. . Feeder dams on the Grand Canal in China, built 500 yr << 

Ago on alluvial soil, are still i in In the Indian Province of of Madras alone 
‘there are 43 000 native earth dams used for storage reser voirs, of a total length Re 
30 000 miles (more than nine times the length of the Mississippi dikes) 
containing 200 000 separate masonry outlet w works. — One of these, the Madduk 4 
Masur Dike, has. stored 800 000 acre-ft- every ‘monsoon on for 400 3 The 
entire Netherlands. has been diked since the Middle Ages. Entire cities | con- 


‘ak g the heaviest medieval towers stand ‘on ancient pile foundations i in ‘soft 


soil below sea level. Among the many dams constructed on soil foundations** Be 


in modern times may be mentioned t the Alcona Dam, built on a fine quicksand Be « 
foundation 100 ft deep under artesian pressure, and successfully holding 40- ie 2 
bonk since 1923. None of these works needed the modern soils laboratory. ie r 
That the computation methods are as approximate as they ever were is 
admitted by the foremost workers i in this field. ‘Thus, Prandtl* states that 

a a. theory on plastics is no longer applicable if stress changes: with deforma- 


(which condition generally prevails in soils). Professors Terzaghi and 
Froehlich®® as late as 1936 admit that “the investigations perforce » have the 


; character of approximations for the purpose of obtaining a Tough as 
the settlement expected [writer’s translation], 


_ Mr. Buchanan states that earth dikes on impervious strata can “now” be ah re, 
: alyzed by methods such as the one developed by Glennon Gilboy, / Assoc. _M. Am. 


i 


€ Boe. C. E.; but it appears that in this, and in another, paper er Professor Gilboy By: 
‘only the methods of Rebhahn*® and Coulomb® and indeed specifically 


Ways and Works in India,” by G. W. MacGeorge, 1894. 
Transactions, Am. Soc. E., Vol. 100 (1935), pp. 1303-1307. 


‘ ae Hydraulic Fin Dams,” by Glennon Gilboy, Vol. 4, No 4 
4 “Theorie des Erddruckes,” by Rebhahn, Vienna, 187 
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STREIFF ON "APPLICATION OF SOIL MECHANICS 
"mentions that fact. In one of these two papers Professor Gilboy ‘resorts 
to doing by trial and error what Coulomb did in 1821 by differentiation. — The 
— soils laboratory cannot be credited | with developing anc ancient methods that have 


survived to the. present time. seq and 
Weal The efforts to compute soil stability date from 1764* and before. | Since 
~ Moeller’s book on earth pressures was pubiished”* nothing has been added 


_ which is any more serviceable than was stated therein. Retaining walls ev every- 
_ where have been built with success by these theories; the 90-ft reinforced con- 
crete rétaining wall at the Junction Dam on a silt foundation” ranks s among 


book for Reinforced Conerete” that this leads to The 


3 method referred to by Mr. Buchanan concerns circular shearing planes. Such 
a shearing planes are already to! be found i in Coulomb’s original treatise (1821).® 
Coulomb preferred the plane shear surfaces, considering the entire wedge- 

Shaped sliding earth mass as one piece for the simple reason that it lends itself 


‘more readily to differential calculus. A Fellenius » by using circles, has to resort 


to a trial-and-error process in order to obtain the conditions for a minimum 


: stability; but Fe Fellenius’ ‘method suffers from many more approximations | than 


- slices which are supposed to be subject only to the weight and the friction at 


ba of the corresponding strip. This is definitely gross ‘approximation 
each strip is also subject. to lateral pressure on both | sides, with opposite 
directions. of friction, 1 which are not equal and cannot be omitted in a rigorous 
solution. — The bases of Strips 8, 9, 10, and 1 ? (Mr. Buchanan’s Fig. 8) are 


“subjected to more pressure than merely. the weight of the strips. ~ Coulomb, 
ead therefore, preferred to regard the sliding mass as one piece. ie sub-division 
ey a into strips without considering lateral pressures is a rough approximation that 
ee does not approach closer to the truth. If the vertical pressure is unknown, 


ae a division of resistances into shear and friction i is also not possible. Engineers, 
therefore, are as far from. achieving : an exact solution with Fellenius’ “method 


as they were with Coulomb’s solution. | _ No one can say which ‘method gives 


closer ‘results. addition, a laborious trial-and- “error method ‘must be used 

Dutch ‘method of building dikes on very y soft foundations, means of 


sh lg of the strength o 


: y foundation with the vertical load per square e foot and ‘dividing this by 
the allowable shearing stress, in order to obtain the base width of the dike, 


Mechanics Fill by Glennon Gilboy, Journal, Boston Soc. C. 
Recherches sur la construction by Bossut and ‘Viallet, Paris, 1764. 
Am. Soe E., Vol. 88 (1925), p. 1 1321, 
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shear plane by Mr. 
as by Mr. "Hough i in 38 can n conveniently be rectified into 
straight lines joining in the perpendicular through the toe of the dike. < 
active pressures on one side must balance the ne passive pressures on the other > 
and can easily | be obtained graphically 

- Soil mechanics, at least to the present, has not visibly enriched t the “tool .- 
box” of the practicing engineer. _ Nevertheless, ‘continued research remains of a 
- the greatest importance in 1 spite of the paucity of practical 1 results. A sober ag 
critical examination finds recent enthusiastic re reviews subject. to 
Esai but tests such as those described i in 1923, in the very complete paper’® — i 


by Jacob Feld, M. Am. Bos. C. E. will always, he of f great value. 
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DESIGN OF ROCK- FILL DAMS 


— 


BY ‘Messrs. RALPH PH REED, F. SANGER, AND C. JARVIS ? 


- (by letter). “—The successful serv ice 

typical fill upon the maintenance of an impervious | 

Bs facing supported by t the up-stream slope o of the fill. Although small s settlements | 

‘ Be ea can be ‘provided for in the design, any considerable settlement of this facing | 


% Pe may result in such failure of it as to affect seriously the structure of the dam, 


= or at, least to result i in excessive leakage. It seems to the writer, therefore, that 


% such provisions ‘should be made in n the design and such measures should be 
ce taken i in the construction of a rock-fill dam as will result in the larger part of 
the dam’s settlement taking place before the | permanent facing is completed. | 

. In accomplishing this result it is obvious that the character bryos rock used is 
‘ ae primary importance. | The selection of rock that is hard, sound, and does 
not readily disintegrate, is emphasized by the author. The usual quarry 
a results in the production of rock: varying considerably i in size, so that, 

5 without resorting to measures which increase the cost of production, it is 
usually not feasible to produce or to select rocks of fairly uniform size; +; and itis 
pnt aie whether such selection may be at all necessary. Be It is believed that 
2) a grading | from larger to smaller Tocks, with the rejection of very small rocks 
and ‘spalls, and the placing of the fill in low lifts extending completely : along the 
ae the dam, from abutment to abutment, will 1 be advantageous i in accom J 

: - plishing the larger part of the settlement of the fill as construction goes forward, 
and i in diminishing | the settlement which i is to 0 be expected when the full water 
load is taken and continues. Even if great care is taken to reject fine material 
ope earth, spalls, and dust—at the quarry, a certain amount of rather fine ms 


as aes _ terial will be present in the fill due to chipping and breaking of the rock during 


transportation from the quarry and handling in the fill. 


 Notr.—The paper by J. D. Galloway, M. Am. Soc. C. E., was published in Octobe. 
sh eis 1937, Proceedings. — Discussion on this paper has appeared in Proceedings, as follows: 
ae i: December, 1937, by Messrs. Cec a E. Pearce, and H. B. Muckleston; January, 1938, by 
G Harold K. Fox, M. Am. Soc. C. E.; February, 1938, by Messrs. Charles H. Paul, and 4 
_ Floris; March, 1938, by Messrs. Howard F . Peckworth, Oren Reed, Walter L. Hube 
a Samuel B. Morris, and L. F. Harza; April, 1938, by Messrs. Paul Baumann, O. W. Peter 
son, and George W. Bitte and May, 1938, by Messrs. John B. Field, John H. 
Frederick H. Fowler, I I Cc. Steele and Walter Dreyer, and F. 
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‘DESIGN OF ROCK-FILL DA DAMS 

~ Sluicing the. dumped rock in order to wash this finer material into oe 
and to prevent its accumulation i in any particular zone, is important; and ther re 
may also be a lubricating effect from sluicing, | resulting in somewhat bette 7 
settlement « of rocks into position upon» their supporting rocks. The perform- _ 
ance of San Gabriel Dam No. 2 of Los Angeles County Flood Control District 
is illustrative in this regard. — This high rock-fill dam was built in 1932- 1083, 
the fill being made “ “in the dry,” ’ without sluicing. The s specifications provided — oe 


that the rock used in the main fillshould be: val 


 well-graded mixture of sound, angular, quarry-run rock, forty (40) per per 


cent of which shall vary in weight from quarry chips to one thousand (1000) 
pounds, thirty (30) per cent shall vary in weight from one thousand ary = 
pounds to three thousand (3000) pounds, and thirty (30) per cent shall vary in 
weight from three thousand (3000) pounds fourteen thousand a 

rock was: not to contain more than 3% of total w weight of quarry dust. 

"Although the» placing of ‘the laminated concrete slab facing of the dam was > 


ed | Sage until the fall of 1933, when the fill was practically completed, the sluic- 


‘such large settlement of the fill and accompanying ddeonndiin of the  . 

7 face of the dam that the facing was is seriously damaged. Subsequent sluicing | ; 
during the summer of 1934 through op openings drilled through the slabs resulted — 

¢ in further settlement, but to a lesser degree. The condition of the facing was ae 

be such, however, that its complete removal finally necessary; and the 

dam has since been provided with a a laminated timber facing. Iti is believe 

to be clearly indicated that generous sluicing of the fill during the construction 

of this dam would have resulted in such settlement at that time as would have 

made possible the rae aad oe concrete face and its maintenance without the 


summary of the historical of rock- fill dams, the ‘author shows that 
large r rock- fill dams are rare outside the Western States, and it is thought that — ce 

the record of such a dam in Australia w hich partly failed, and the measures a 
taken to remedy the fault would be of interest. Rupert Grenville Knight® 
describes the case » fully, and only a a brief précis of his paper is given. nvatt 
The Eildon Reservoir Dam | were completed in 1927. dam, 
including a spillway section (734 ft), is 3 529 ft long. It partly failed in 1929, — 
after the water level had heen lowered 46.5 ft, , and remedial n measures required — 
six years and Cost the equivalent of $2000000. 

_ The core-wall is of reinforced concrete, 137 ft high, and from 6 ft to 2 A 

thick; it is reinforced with 0.5-in. bars : at 12-in. \. centers in grids and has expan- 
sion joints at 50-ft intervals. The site is s composed of variable shales with some — 
slates and sandstones, with about 20 ft , of clay above for two-thirds of oe i 


ee ™ Head, Dept. of Eng. and Building, ani Lester School and Heary Lester Inst. of Tech- 

nical Education, Shanghai, China, 

—_. The Subsidence of a Rockfill Dam and the Remedial Measures Employed at Eildon | hou 
Reservoir, Australia,” by Grenville Journal, Inst. of 
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1198 ON DESIGN OF ROCK-FILL Discussions Ju: 


length of the dam. On the up-stream side of the wall s a mass of clay was ‘ 
deposited, of base. thickness from 27 ft to 37 ft and with a batter oflon6. The 


ear’ 
_ rock-fill is of material similar to the bed-rock and weighs 90 lb per per cu ft. | The the 


- Failure began 1 with a slip, exposing s the core-ws wall as well as deflecting it for ua 
+ length of 700 ft in the middle of the dam, and then extended to a 1 200- it ' q | 
ee oy idth when the top 26 ft of the wall was ‘exposed and the fill moved 55 ft into Uni 


the reservoir ; continued slowly for some weeks afterward, and the cith 

p Re) maximum wall deflection was 4 ft 8 in., , causing many serious s cracks. ” Borings Am 

showed that the clay had been squeezed out into the fill. In the discussion of sub; 

the paper several theories were advanced for the failure, and the most . probable BB onece 

seems to have been a clay slip in the foundation material BF ulti 

<a a Remedial measures included adding rock- fill on the toe to prevent sliding B apo 

and extra deflection of the wall, repair of cracks, drainage, and the reconstruc- by I 


_ tion of of the spillway, outlets, etc. In In addition, the frictional resistance of the deve 
 down-stream side was increased by adding rock-fill and by under- drainage. 4 
An additional 700 000 cu yd of fill needed, making the total i in dam 


—C.S. Jarvis, M. AM. Soc. C.E i. (by letter). 399¢__F}xamination of roc ky | 
ee into or across stream channels will disclose the fact that these : are | 
rock- fill dams with slopes naturally adjusted to withstand ¢ over-flow. Many 

re 


‘ oft the rapids prevailing i in torrential stream channels are only the down- stream a. 
ie of such natural barriers. r As might have been expected, such sites have lor s 
_ been chosen for intakes of power or other diversion canals. . Favoring § such mY? 


locations are the ease and effectiveness with which the current can be deflected 
ey: Is by merely piling stones | to form wing- -walls, then stow ring brush, ! straw, or litter 
ice 2 to close the interstices; both initial construction cost and cost of maintenance fs 

=e The development of the basic idea of rock-fill dams may be traced Grell inere: 
many cen nturies of agricultural practices, particularly i int relation to terracing on dest 
hillside slopes. Fe Dry: rubble walls with pronounced batter provided the required A 

stability; rock spalls « or stony soil strewn against the inne r face of the wall prefer 


: ~ formed both a a matrix to hold the stones in place, and a porous screen to retain , 
‘the fertile soil while permitting adequate drainage. tedly 


ae As the need became / apparent for conserving nearly all rainfall in place on 


oo these terraces, to bridge over ‘the periods of deficiency so far as practicable, the 
: e a terrace walls were raised and trench-like pockets similar to those provided by 


ee modern contour | listing were formed to increase V water storage capacity. To 


oat prevent wholesale loss of stored water through ¢ overtopping and drainage from 
one basin to another, the terraces were divided transversely into sections of 
moderate length, nih with considerably greater c: capacity than that ordinarily 
required to take care of local rainfall and resulting pondage. 


Other progressive steps: in the use of rock-fill dams provided mill ponds f 


and ponte, and larger basins behind either combination 
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rock- fill and earth dams, or rock- ‘filled timber Where suitable soil for 

-earth- -fill was scarce or required long. haulage, and durable rock was abundant, 
the natural result: was a puddled core in an earthen fil fill, retained between loose 
rock shoulders, consisting of either dry rubble walls or more voluminous fills a 3 a. 
‘There are in existence to-day, ins widely scattered locations, w within the © 

United States and neighboring countries, examples of minor rock-fill dams w ith 
either e¢ earth cores or earth aprons t: to serve as the relatively i impervious element. 
Among those stock-watering, farm, ‘mill, or wild- life ponds | located in aden 
subject to accelerated erosion, ‘sedimentation has reduced storage volume ee 4 

necessitated expensive maintenance enlargement from time to 


The writer has. never ceased to at the of ary rubble and 
“other stone masonry construction, backed by rock-fill, or by a combination 


af earth and rock, along | the network of navigation canals, logging channels, Ae 
dams, and spillways of the last century or more, including the canal constructed a 


by George around Great Falls of the Potomac River, near Washing- 
ay ton, D. Some of these structures are still i service, and 1 many others could 4 
be restored. to working condition at moderate cost, ‘if sufficie! 
for such uses as they originally served. However, ‘it seems improbable tat 

rs the nation will e ever revert to such extensive ] projects to serve slow methods of | 

ted .” transportation, now that rapid transit seems to be the main objective and has 

nee _ There i is ‘ample opportunity for future use of low rock-fill dams on minor ee } 
 &§ projects. or greater storage depths factors: of safety should likewise 4 
ugh inerease, because of the danger of high velocities and sudden 1 widespread 
yon iestruction as a result of overtopping or failure from any other cause. hit’ eee an 
ired Advancement in the ar art of d apparently awarded 
wall to some form 

tain 

< 

e on 

, the aint 

d by jy Small Siiercaden: should be waived i in 1 favor of the pang which could withstand | 

To mB ver-fi -flow and could continue to function even in cases of catastrophic floods, far oe 

from the probable | limits as contemplated by the design, 

al The position of the water-tight element of a rock-fill dam may be anywhere 

arily vithin the limits of the ‘up-s -stream face, in the writer’ opinion (see Fig. 25), 
movided the design of cross-section conforms to: the > position chosen 
vonds pavement, diaphragm, or apron used as a water-seal 1 may or may y not be | parallel a “We 
ation tothe eup- “stream surface. core-wall, if installed at all, should stand vertically 
vith either stepped | or battered faces account for toward the top. 


Certainly, a well-« constructed core-wall with its footings properly established 
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JARVIS ON OF ROOK-F PILL ‘DAMS 

bed- rock, end reinforced against cracking, sandwiched 
a _ between the up-stream third and t the down-stream two- -thirds of the entire fill, 
ea should be a satisfactory water-seal, if properly encased or cushioned ‘against 
5 irregular concentrations ¢ of pressure (as from large, , angular boulders during the 
inevitable settlement and compaction of materials). 3 Likewise, an equal volume 
of masonry or durable mastic material, spread over the greater area presented 


* : by the up-stream slope; or well- fabricated sheet metal in a similar position, but | 
from both corrosion by suitable cover ering, may satis 


Reinforced Con.:rete Core- 


Wall Packed in 


Maximum Storage Level 


Ste 


Quarry-Run 
FS 
Dumped to Place 


» SQuar, 
Wa: 


Ree The iis ine contributed much of ‘both historical and scientific interest 


relating to the ‘design of rock-fill dams and to fundamental principles, con- 
ne _ siderations, and requirements influencing the final choice of structural type for a 
given location. His definition of rock-fill dams departs somewhat from that 
accepted in general practice, in that it would apparently exclude such structures _ 
a tf as depend on either puddle cores or earth th aprons as the impervious face. % Thus, — 
ese his definition would exclude the Castlewood Dam (Table 1, Item No. 5), v which 
. ae had an “earth embankment added to upstream | face, 8 feet wide at crest with 
a > 3:1 slope faced with 12-inches of riprap.’’4° 40 Likewise the Avalon Dam, in “ES 
a Mexico, both the ‘Milner and Minidoka Dams, in Idaho, and the Zuni Dam, in 


New Mexico, listed ag “rock- fill." would have been excluded by the 


with puddled earth oo cores described by the writer" j in 1915. 
; ad _ Whether the impervious element is in the form of timber, 
e ‘masonry, or dense plastic material used, respectively, as facing or as s diaphragm — : 
core, cut-off, or up-stream apron, a . structure dependent on a loose rock- fill for = 
stability : seems to ‘qualify as a Tock- -fill dam. _ When the earth- fill for either the 


| 


core- wall or the up- -stream apron a volume nearly equal ‘to that 


represented by the rock-fill, it would appear fitting to include mention of this 
t= 
American Civil Engineers’ Handbook, Fifth Edition, 1930, p. 1547. | 
Provo Reservoir Company’s Irrigation Project,” by c. 8. Jarvis, Engineering News, 
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- material in the designation, as ‘ “earth | and rock-fill dam.’ rong ever, when mS 


There would be fully as great for mentioning the timber, ‘steel 


plates, the concrete e facing, or the masonry core-\ -wall as to mention the fill 
he ific purpose, namel al 
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DI SCUSSI ST N 


SOLUTION OF TRANSMISSION. PROBLEMS 


Kn 


investigate the p pressure of water and fire | pro- 
tection system of an important Brazilian chemical plant w where interruption of 
ae the flow of water w ould lead to disastrous results. It was ‘especially ‘desired 
Be to know the effect of shutting off, quickly, certain flow demands for production 
purposes. As a prerequisite to this extensive surge investigation (by the 
graphical method), the flow and the resulting head losses in the system for 
steady conditions had to be | found, and a graphical method, first published by 
Spiess," was used and extended fan the requirements of this specific problem. — 

As far as the author’ s ’s Case V is concerned, the graphical solution as proposed 

is far simpler and more general than the method used by the writer, a a com- 
ination of graphical and | analytical 

Filo The author is to. be ‘commended heartily for his timely pa paper er which is of 

ae considerable it interest to all | hydraulic engineers ¢ engaged i in problems of water | 
‘It is too true that the design of the transmission and 


3-2 35 


makes it possible ; ‘de to decide e « once whether certain « cross-connections are 
essential and of decided benefit. ifs In the investigation made by the writer, 
considerable savings ‘were effected by ren removing several long pipes | connecting 
points of about equal, or r slightly different, pressure. 


At first glance, the ps paper ‘seems more complicated than it really is. ‘The 


 discharge- head relations for the > solution « of the several 1 fundamental cases are 
plotted, using tables or any other appropriate means. Furthermore, it is not 


_ Note.—The paper by Ellwood H. Aldrich, M. Am. Soc. C. E., was published in Oc | 
tober, 1937, Proceedings. Discussion on this paper has appeared ‘in Proceedings, as fol- 
lows: January, 1938, by Messrs. Lynn Perry, Charles M. Mower, Jr., and Thomas R. Camp; — 
_ February, 1938, by Messrs. Harold B. Babbitt, and C. Maxwell Stanley; and aren, 1938, Z 

by Messrs. Warren Wilson, and Harold K. Palmer. 
2 With Sdo Paulo Tramway, Light & Power Co., Ltd., Paulo, Brazil. 
Received by the Secretary February 18,1938. 

2 Journal fiir Gasbeleuchtung und Wasserversorgung, 1887, p. 513; also treated in 

Hydromechanik der Druckroh R. Winkel, 
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-GAVETT ON TRANSMISSION PROBLEMS OF A WATER — 


essary to make Table 1 as complete as the form presented by the idiad ..; 
is sufficient and facilitates the work to record only the results of the simplified os 
ayout, such as, for example, “Total, ,D to J.” 
Ae far as the solution of the case presented in Fig. 12 is wmv 

, ‘author | did not make it clear that, actually, four diagrams of the type shown 
ink Fig. 10, drawn for the various flow demands ir in the system, are required ; ;and a 
“only when the writer realized this point, did he understand the solution. Pile 
Except for this minor criticism, the paper deserves to be mentioned as 2 
- essential to the art of hydraulics, and the writer hopes that its contents will <i 


come to the attention of authors of books on applied hydraulies, v w ho too often: 


Weston GAvert An. Soc C. E. (by so far as 
“demonstrates t the application of ‘Mr. Freeman’ s method to the solution of com- 
plicated pipe systems, the pap paper er by - Mr. Aldrich is most interesting. — oa By show 7 ies 


ing the application of the graphical method, first: to simple ty pical problems 
and then to a more complicated system, the author | clearly demonstrates: the - a 
‘method and advantage of this procedure. Its advantage is the use of natural — 
co-ordinates for head and flow, permitting the graphical summation of ‘these : 


Celluloid sheets by the are convenient and may be e easily 


prepared by rubbing the surface of commercia eraser. 
= Although the author mentions the hydraulic slide-rule as an easier — : 
- of solving | simple | problems than the graphical n method, he gives no details as ee 
the slide-rule procedure so that the reader may compare the two methods. * Jn - 
stating that mathematically a accurate determination * impossible of 

2 attainment, from a practical standpoint,” ” he is correct. This statement, how- 

~ ever, tends to encourage 1 rather than dispel the current. opinion that , until 1935, 
it was impossible to design | a distribution system. To assume that for years 

-water- -pipe sy ‘stems have been ‘designed by guesswork i is extreme. wah 
& The computation | of the losses in a distribution system that may be checked _ 
& actual tests to an accuracy greater than the precision of the basic data 


be sufficiently | accurate for all except academic | purposes. Such. 


a Received by the Secretary March 8, 1938. 
*“ Hydraulic Tables,” by Williams and- 
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AMERICAN “SOCIETY OF (CIVIL NGINEERS 
BCONOMICS OF THE OHIO RIVER 


_ economy, and hence it does not tend to ‘become true in time, namely, if a | 
producers favored by: the waterway are marginal. As the principal 


Grant also’ shows that the ‘full difference betw een ral 
and water costs cannot be claimed as a benefit if the traffic would not move by by 
Fe a in the absence of water routes. - ‘This statement is correct; but it is moot 


. because, except for a little 1 river r sand and gravel, , all Ohio River ‘traffic would 
have to move e somehow—ev 
of the earth—unless the economic level of the 1 region were to fall. =e fa ae 


In preparing the financial summary (Table | 5) the writer assumed a balance 


a - However, this assumption, although it may be entirely justified, 
‘gave a an unduly Tosy picture of the | situation from 1905 to 1910. Incidentally, 


the cost of Ohio River improvement ; prior to 1905 is such a small share of the 
total expenditures that research into commerce before that date is unjustified. 


Notge.—The paper by C. L. Hall, M. Am. Soc. C. E., was published in October, 1937, 
- Proceedings. - Discussion on the paper has appeared in Proceedings, as follows: December, — 
1937, by Eugene L. Grant, Assoc. M. Am. Soc. C. E.; February, 1938, by Messrs. Fred — 
- Lavis, O. Slack Barrett, and Edmund L. Daley and Forrest E. Byrns ; March, 1938, by J. z 
Willoughby and W. D. Faucette, Members, Am. Soc. C. E.; and May, 1938, by E. 


Pon Col., Corps of U. S. Army, Commanding 1st Engrs., Fort Du 


Received by the Secretary May 21, 1938. 
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It may be that comparisons of benefits prior 1905 are of slight 
value. The Chesapeake and Ohio Railroad, for instance, was not built until - mn a a 

1905. Before that time, therefore, the river was the normal method of carrying a 2 
freight between river towns, and there is no base upon which comparisons of | 


with competing ¢ carriers could be computed 


displaced by the diversion of taxpayers’ funds. In \ its literal form the prineiple 3 
“i, 
is impossible of. application because it would rule | out, completely, structures 
like the Lincoln Memorial. What the statement would mean in practice is 
that public works competing with privately owned facilities should not be hs 
constructed unless they could produce revenues far greater than those accounted 
for by non- competing public works; that is, a lock and dam must show much © 
greater benefits than a new post, ‘office. "Professor Grant's complaint that 
profits: during the period of regulation are not proper charge against losses 


alter canalization was begun, has a certain m “measure of justification. gi He 


“ofits for 1930-1933, when most pe in ‘the > United States were 
losing money, is itself proof of a rather wise investment. a ei Cid “ae 
a The writer-must dissent from the view that the life < a ‘prospective public Oe 
should be calculated in commercial terms. Experimental 
mercial investments are only justified by large prospective profits. The 
- Government, how ever, can afford to experiment (or pioneer) on a public project — 5 
with an undoubtedly long engineering life, subject to the hazards of a shorter es oe 
-eonomie life. If the Government refunes to do this kind of experimenting, a 
Will the country be better off if such enterprises 
Mr. Lavis’ distinction between i1 internal and waterways also could 
“not be applied i in practice. 3 If it were made absolutely rigid the enormous public — 
benefits: caused by the improvement of the St. Mary’s River, for instance, would 
“never have been accomplished. If the distinction were not made 
rigid, it would assuredly be disowned by any American Government within the © 
ange of practical politics. Moreover, even on Mr. Lavis’ principle, the secon- 


4 


; §. dary local benefits from channels to the ocean, obtained on streams such as the 7! 
» Upper Hudson would cause a subsidy to certain ty pes of ir internal lwater- 

‘ | ‘The writer hae not believe that he has overlooked the advantages in pan 
tance of the usually shorter land route. the | preparation of Table 4 the 
Comparison was between terminals, and the benefits were developed on a basis 
3 of ton-miles measured by water. . The writer hoped that Table 6 would have = : 


In Mr. Lavis’ discussion, as in some e others, there seems to be a feeling that 4) ee 3 
the costs given in the paper are based on distances between main-line termini. 3 a 
This i is not true. The comparison was for rail rates between producer and ; as 
- consumer on the one hand, and net costs plus profit to the competing shipper RS ly 
(rail costs, and te terminal on the were 
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studies could applied generally; but the very methods gave th ‘the all-rail 
carrier complete credit for his shorter mileage. 
1 Bie Barrett’ s opinion that there is no difference, in final result, between 

benefits derived by producers : and those derived by @ menceenrily limited number 
ce of consumers has: considerable logic behind it . It seems probable, however, 


a that public funds will not be provided for \ waterway improvement ‘unless it can 


- be shown clearly’ thata a direct financial saving is obtained by a large number of © 


consumers, Of course, the benefits from a public rov route of transportation can- 


not be distributed uniformly over the entire nation; but they must be open to 


p EE, VEY 


Bi a all the people of the region affected, and not merely to stockholders of great 


The remarks of Colonel Daley eal Mr. Byrns are much appreciated . The 
writer did not cover the general regional benefits that have accrued to u upper 
.. river ports f from the Ohio River improvement, because he could find no method 
he of making a a statistical comparison. - ‘The point that real new wealth has been 
> produced by ¢ Ohio River r development, however, is a vital one, and should have 


Messrs, - Willoughby and Faucette attack the improvement of the ( Ohio 


- River on on two general grounds, as follows: (1) That the improvement, in : in so far 
as it does praneet cheaper shipment, merely diverts money from rail carriers to 


a a. would be no cheaper shipment. If the net total of goods moved in the 
; - United 1 States we were constant (that i is, , if the country were static), the first com- 
plaint uld probably be valid. . Along that line, « every new ocean _vessel 


(except a replacement fe for a scrapped one) would reduce the revenues 0 of existing 


carriers. ‘The: nation has always refused to make any si such m melancholy 
_ admission, however. — It has. always claimed that the reduction of ‘distances in in 


ct ‘ "money « or time caused by technical improvements in means of transit has i in- 
creased total consumption, , and 1 total freight moved, by a far larger amount than 
- the losses caused to pre- -existing ca cargo carriers. _ Beyond dispute this was the 
effect of the substitution of railroads for mule-drawn wagons in the Middle 


sha If true w waterway costs are greater than rail costs, Messrs. Willoughby and 


Faueette are correct in their second complaint. ' The aim of the writer was to 
show that the costs of shipment by the Ohio River w were, , on the w vhole, less than 
those by competing carriers. — His proof was based on certain carefully s stated 


_ assumptions, followed by an 5 saemnatignding « of all the data that he could procure. 
i e assumptions are those used i in the study of proposed waterways for or many 
eas years. ;. Perhaps more valid ones could be prepared, which would be concurred 


ae in by those responsible for authorizing public” expenditures; but t the writer 


to doubt it. The only ‘assumption n criticized conetrostively i is the 


“fifth, in Ww hich writer for accounting purposes, any allowance: for 


tion are charged, and if the Government * polices” the work with maintenance 
Be 


funds, it is difficult to show that taxes are an ‘equitable charge. against the 
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No question of relative lengths of haul entered into this matter until a final — 


4 as commercial benefit pe per ton- -mile measured _ water, so so that all rail ee a) 


property. - On the other hand, there is a a certain degree of statistical error in ~ 
comparing tax- -free carriers with taxed ones. Every one should welcome arule _ 
to correct the rather | unsatisfactory state in which the ] present situation leaves 


& The discussers — are wrong in in ‘believing that the Ohio River pools are not 


beneficial to sand- diggers. ‘Sand i is also more readily carried in pools of fixed 
igh 

minimum depth. From his « experience as a District Engineer, the writer can 

assure them that the improvement does not prevent the formation of new | bars. 


= Allowance has already been made for greater circuity of water routes. mt In 


the preparation of Table 4, as stated in replying to Mr. Lavis, the basic com- 
parisons were between movements from origin to destination by different routes. ; : 


benefit per ton per route was: determined. This benefit was then distributed — = 


Rail rate to o river $0. 335 
“a ae Line cost of river movement; eS 


It will be noted that this commercial saving, , although calculated in mills per 
ton- mile measured by water as the only convenient method of generalization, — 
tives the railroad full credit for its shorter haul. 


As to the criticism of Table 6, the journey from Cincinnati, Ohio, to Louis- 
ile K Ky., was selected because these two river cities are separated by a distance ca 


of about the length of the e average haul (119 miles). The object | of the table "ae 
_ was to check Table 4 by an independent t calculation. The: writer was astonished me ee 


at his own results. : Incidentally, the rail and water distances from Cincinnati 
parison between rail and water of ‘moving a a typical t ton a typical a 
: would have been ‘more useful if data | had been given for ‘making the same com- 
parison over some other trip between ‘major river ‘ports. 
= Colonel Covell’s very interesting discussion presents a a highly valuable cost me wif 


analysis of steamboat transportation. He shows that: a values derived from j 


| q thus supports the general accuracy of the statement of savings (see Table e4). 
The writer has made no claim that the improvement is justified, wholly or or in 
pal part, by its regulatory effect on rail rates. _ Probably it is true, as Colonel el Covell 
states, that th f the has inhibited a li ein 
4 at t e existence ¢ of t e improvement as inhibite a genera increase in 
ip coal ‘Tates; but it is believed that internal improvements constitute a rather 
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Messrs. Willoughby and Faucette. 


year 1937 have become available. — They give a total commerce of 23 356 676 
“tons, an increase of 25% over 1934; and of 2 671 926 225 ton- miles, an increase. 
of 50% over 1934. ‘The average haul for 1937 was 114.39 miles. 
tetas Undoubtedly, the discussions have clarified the points upon . which | differ- 
Bd ences as to matters of principle are held. tt There is no certainty as to what 


profits to the public should be “required from public works competing 


or privately owned ¢ ones. s. There i is no certainty as to whether taxes not paid by 


surposes | comparing accounts. is no as to the minimum 
of ‘private: advantages, secured from publie works, required to 


“political i in their nature; but the political | decision should follow a crystallisation 


of engineering opinion. Needless to say the final decision should apply to all 
public works competing with commercial investments. was the writer’s 


to use paper on Ohio River as as case e study | of a completed competing 


—at least in part. 
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UNTRACTION AND TRANSPORTATION 


BY W. LANE, AND JOE W. JOHNSON 

W. Lang, M. Am. Soc. C. E. (by letter). contribu-— 
ton to the science of the transportation of solids by: flowing water is presented a 
in this ] paper. It seems to the writer that the reason for some of the lack of D 
agreement of different experimenters on the values of critical tractive force for ; 
the movement of the various sizes of material i is probably that initial n movement 4 


is not a a function of tractive force alone but ofa combination of tractive force Bt, 


but the move the first particles a are probably ‘intense local forces 
“acting z only « over a small area a of the bottom, having a ‘magnitude greater than 
_ the average force acting. The initial movement, therefore, would depend not 

“only on the “magnitude of ‘the average force but also on the range above the 

average of the variable forces, due to the turbulence in the water. | Therefore, 

initial movement would depend on b both | tractive force and turbulence. rm These 
two factors would also influence other degrees c of movement, but it does not seem - 

“likely that turbulence would be of relatively as great importance in them as in 

% 4 In his summary of Part 1, wwe . (5), the author concludes that the “resis- 

- tance to motion of particles ona horizontal bedi is nearly double their ‘resistance oh 
ona sloping bed having the same ‘inclination as the water surface.” This 

would indicate that the motion . of bed load is very sensitive to changes i in the — ia 


bed slope. _ The bottom of a stream where bed load is in motion is ce 


rough, with : slopes both upward and downward in the direction of flow. Even 
ina laboratory flume there are sand waves such that the sand moves up | 
slopes considerably steeper upward in _the direction of of flow than the water 4 


surface slopes downward i in this direction. . Sand w waves were observed in the 


| Note.—The ree by Y. L. Chang, Esq., was published in November, 1937, Proceedings. % w 
Diseussion on th paper has appeared in Proceedings, as follows: March, 1938, by Ha 1 

® * Prof. of Hydr. Eng.; Associate Di Chg. of oratory, Inst. of Hydr. Re- : 


— 

— 

| 

— 

n PE 

Pap 


pt 


Mississippi by the late B. Jokmeon, M. Am. Soc. with 
height of 5 ft, and an average length « of about 330 ft, indicating an an upward 
* “slope of 1 in 66. The surface slope was probably only about one two- -hun- 
ae dredths of this inclination. — The depths of water r ranged from 13 to 30 ft, with 
ay _ Movement apparently throughout this range. It would be interesting to 
— the ai analysis | that led to the foregoing conclusion to see if it would indicate 
any motion at all up the slopes of the Mississippi sand | waves. The effect of 
_ bottom slope on the bed load carried in a stream may be a factor that make ; 


very difficult to correlate field and laboratory results. 
qe i ‘The author shows that a change in the law of bed-load transportation occurs | 


a a grain size for. quartz of about 0.5 mm, and states that this is best ‘explained 
_by turbulence. Since the law governing the settling rate of quartz grains” 
oe changes at : about the same - size, may the change in the bed-load law not be 
Fan. tae related to the e change of settling rate? 1 ‘There i is good evidence that the law of 


transportation of material in shows a similar sharp break at about 


The inthe (see : Part II, Item (5)) that ‘ ‘silt trans- 

7 portation tends to decrease the mean velocity | of flow.”” - This conclusion is the 

oe opposite of that reached by A. B. Buckley, Jr.,“! from Pr enecedancey in the Nile 

Valley. Surprisingly roughness values have been obtained on some of the 
silt-laden ‘Tivers of North China: the late John R. Freeman, Past- President 
Hon. M. Am. Soc. and others, which ‘support Mr. Buckley’ 
cs - conclusions. This is apparently a field which justifies much further research. 


W. Jounson,* Jun. Am. Soc. E. (by letter).“°*—In this paper | the 
author has presented : an excellent review of the problem of transportation by 
flume traction. He has. ; also presented original data and conclusions that are 
- welcome contributions to the knowledge of this phenomenon. — Of particular 

| a interest to the writer is the section of the paper treating the formulas for rate of 
Rout transportation. * Therein is given a review of the published formulas and a new 


formula which i is of the du Boys type. 


: from ‘various experiments. the most common type” af 


Authorities undertaking 


ommon 


usually in one the common types 
_ formulas, but, in many instances, with slight modifications. — ~The result of such 
studies hae been that there are approximately as many formulas describing the 
: es of sand movement as there are authorities on the subject. It was with this 


®Chf. of Engrs’. Rept., 1879, Pt. III, p. 1967, 

ae The Influence of Silt on the Velocity of Water Flowing in Open Channels,” by 

A. B. Buckley, Jr., Minutes of Proceedings, Inst. C. B., Vol. 216, p. 1813. Same | 

Asst. Hydr. Engr., SCS, U. S. Dept. of Agriculture, Washington, D.C. 
48¢ Received by the Secretary April 19, 1938. 

4“Te Rhone et les riviéres a lit affouillable,” par ‘P. du Boys, Annales des Ponts 


2 Bed Sediment Transportation in ‘open Channels,” by 
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ed against a function of tractive force. Also verv common is_ the Bh 
10klitsch-MacDougall type (Equation (41)) 
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“June, 1988 JOHNSON 0 PLUME TRACTION 
- situation | in mind that an investigation was 5 made i in 1937 to determine, for a 
certain set of published flume observations, vyhether a particular method of 
‘ presenting dé data offered distinct advantages over other methods. I; In order to 
obtain : an unbiased opinion in this « determination, recourse was made to 4 
_ Flume-study observations published in United States Waterways Experi- | aa 


ment Station Paper No. 17 were used in the computations. ' These data are for Ns . 


U.S. Waterways Experiment Station Sand No. 1 which was tested i in a concrete- — ame 
lined flume, 2.416 ft wide and with slopes of 0.0010, 0.0015, and 0.0020. * Only 

those data in which ‘ ‘general movement” occurred were used in this study. 
From the results of these 1 measurements, computations were made to permit the - 
data to be plotted according t to the criteria of du Boys, " Chang, Meyer-Peter,2° _ 


U.S. aterways Experiment Station, 10 MacDougall,” 2 and Brien.“ It is 


noted that in Fig. 11 the author plots — versus — whereas in the 


‘general statement of his formula (Equation (33)), — is stegned as the dependent 
variable. In the discussion to follow, the parameters in Fig. 11 have been used. 
Figs. 17, 18, and 19 show the results of plotting the computed data according to ie 
various curves were fitted by the method of least squares and 
‘their “goodness of fit” was tested by the x*- for veri. 
U.S. Waterways Experiment Station (Fig. 17): 


a 
1 = 480 600 n, [T (T-T 


8x 10-8 


®“ Neuere Versuchsresultate iiber den Geschiebetrieb,” von E. Peter, H. 
und A. Hinstein, Schweizerische Bauzeitung, No. 103, 1934, Professional Paper 86. nay 


“Studies of River Bed Materials and Their Movement, with Special Reference to 
Lower Mississippi River,’’ U. S. Waterways Experiment Station, Paper 17,1935. | 
“Notes on the Transportation of Silt by Streams,’ by Morrough P. O’ so a 

m. Soc. C. E., a=. Geophysical Union, Pt. II, 1936, 481. 
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JOHNSON on ‘FLUME ‘TRACTION Discussions 
The MacDougall | data resulted j in curves following equations 


of Boys, ‘Chang, U. 8. ‘Waterways Experiment 


Station, and MacDougall have been reviewed by the author and further: 
discussion i is not necessary. Perhaps it is desirable, however, to discuss briefly 


a the Meyer-Peter formula (Equation (36)) inasmuch as it was developed fi from 


- measurements on material of uniform: ‘granular size. The observations on 
material ranging from 3.17 mm to 28. 8 mm were obtained by the laboratory at 
Zurich, Switzerland, and from the of result of these : studies, 


G2 is the feet of bed material per foot width of 


included ) : 


Equation was use in movable bed-model studies. 
W The: ad agree of this relation is obvious when it is noted that dividing both 


= sides by gt ‘gives a resulting equation that is non- -dimensional and in agreement 


a _ In flume tests on Columbia River material, Professor O’B: Brien found ‘that 
se _ experimental data showed considerable variation when rate of movement was 


_ Plotted against t the following parameters: Velocity at a constant distance from 
the bottom, mean velocity, the U.S. Waterways Experiment Station method, 


= the method of Schoklitsch. . In all cases the disagreement was greater th than 
could be accounted for by of measurement. fr results, however, 


; were ¢ en by plotting rate of movement versus RI as shown in Fi ig. 19. 


Professor O’Brien*® also reported a method, = against 

, that showed slightly less variation than the first. oa 

The of Débris by Running Water,” by K. Gilbert, 


Study of Transportation of Columbia River Bed Materials, Technical 
11, Tidal Model Labeuntery, Calif., January 28, 1936. 
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0.0020 | 


DUBOYS 


(26) AND 


| 
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CORDING TO U. 


is June, 1988 
4 


it difficult to determine which of plotti ing gives the best fit: 
* the application of the x?-test, personal opinion is eliminated and an unbiased 
neasure of the goodness of fit is obtained. | Table 7 shows values of ; g 2 com- 


com- 
uted 7 various criteria. An interpretation of the — of the 


-—CoMPARATIVE VALUES or xt 


U. S. Waterways Experi-| ‘han 52 23 


computed values of x? requires: the use of tables from Ww hich the probability of 
fit can be obtained. Reference probability tables‘® ‘shows that in 99 out. 
of 100 trials, in random sampling, one should obtain a fit as bad as Or worse | 
than that observed, if the real distribution i is normal . For ‘these various plots | 
which show such content fit, it is to be noted that the 1e probabilities of. ‘occur- 4 


gor are sO near the same / magnitude that it cannot be truthfully stated that 


eason for Senutinn 2 particular form of plotting, therefore, appears to *? ; 


ine’ in the ease and accuracy with which certain variables can be measured. 
ee a flume studies there are three sources of error which, in ‘many instances, : 


have seriously | limited the value of the ‘results. These sources of error | are: 
@ The use of the water-surface slope instead of the § slope | of the energy gra 
der nt; (6) the neglect of the retarding | effect of the channel side- walls; and © 
nas the use of relatively short collection periods during which the bed ‘material is 


» « 


trapped. An accurate determination of the slope o of the ener; energy. y_ gradient 
requires the measurement of the velocity distribution at each end of the experi- 


h alu slop 
was , undecided as to t ‘e proper value of s lope to use and i -_ i 


a do not find it easy to decide which slope should be regarded as the eS 
correlative of capacity for traction, but as all our laboratory data include 4 
_débris slope, while the determinations of water slope were relatively infrequent, 
the discussion of the results has adhered almost exclusively to the former. . 
the water is correlative, then the use of the débris slope involves 


Gilbert’ 


“4 # “ Statistical Methods for Research Workers,” = R. A. Fisher, Oliver & Boyd, Lond. 

a“ The Transportation of Bed Load by Streams,” by M. P. O’Brien and B. D. Rind- 

Jaub, Union June 1984, rt. II, 593. 
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for this reason, the data of G. K. Gilbert show less scattering than the data — 

‘ of more recent experimenters who have criticized Gilbert for not — 

the slope of the water-surface in all of his experiments.” 
= Consideration of the - retarding e effect** of the « channel side v walls is is necessary 


i 

—. the data from a particular flume whose width to depth r ratio is 
ity 

relatively: small. A striking illustration of the importance of side-wall re- 


sistance is afforded by Fig. 20, which shows rates of transportation of Gilbert’ Ss 


4 0.08 0.32 86003 040 860.4 


Fig. 20.—DATA ON TRANSPORTATION OF GILBERT'S B SAND ON 
OF S WIDTHS; SLOPE = 1 Per C CENT 


B in flumes It is obvious that consideration 


of side-wall resistance is essential if a general expression for describing rate 
of transportation by traction i is expected. MacDougall? attempted to elimi- 

- hate e the effect of the side walls mechanically by placing diversion wi walls on the 

experimental flume. Meyer-Peter” i in his formulation of Equation (36) elimi- 
- nated side-wall disturbances on the basis of the method given by Einstein.® © 
q The latter method gives that part of the total discharge which is supposed to 
“be acting upon the bed. _ The results from Einstein’s method : are similar ae 

the Schoklitsch’ method defined by the author in Equation (12). _ In the data 
herein discussed, a reduction in scattering of plotted points was not effected — 


by the introduction of a y of: the various used i in Figs. 17 
Transactions, Am. Soc. C. E., Vol. 102 (1987), p. 519. 
Der Hydraulische oder Profil-Radius,” by A. H. Einstein, Schweizerische Bauseit- 
No. 8, Vol. 103, February 24, 1934. EL oe, “ Ober 


Wasserbauliche Strémungslehre,” by P. Nemenyi, Lelpsig, 1984; or, 
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wu use of relatively short periods when observing rates of bed-— 

m Joad movement probably accounts for most of the scattering of experimental | 
me data. For example, during calibration tests on bed-load traps for use on the | 
Einstein” the rates of bed- load movement shown in Fig. 
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Iti is obvious from an examination of this diagram that relatively long 
“periods and recourse to statistical analysis are perhaps necessary to obtain: 
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Discussion 


enlightening paper, Mr. Campbell | has discussed three principal points: 8 ee 
use of ‘semi- logarithmic paper for. plotting mechanical analyses; 
“method of indicating the variability of the size graduation; and (3) a suggested $e a 
division « of soils into classes according to the size of the particles of which they ee e 
“are ¢ composed, with class names. . In the following paragraphs 1 the writer a be 


use of the. type of curves by the 


m 


be it is much st superior to at any other 1 method of raph representation 


Py 


sively used, particularly by. geologists, is the so- histogram, which is 
simply a bar graph, the length of each bar of which ‘Tepresents the percentage — 
@ the total material betw een two ‘sizes. The number of bars | depends on the 


number of fractions into which the was divided. Another type is 


“summation n curve similar to that advocated by 1 Mr. Campbell, but for which a a 
Cartesian scale of co-ordinates is used for the grain diameter in place of a a 


‘The sem semi-logarithmic plotting of 4 summation curve is much superior jor to : 
either of these methods. The disadvantages of the histogram method are 


that it is not standardized since the widths of the bars are all the s same, ® but 
each bar may represent any size ‘Tange’ selected by the investigator. "The 


‘shape | of the histogram also depends upon the number of fractions into which 


the divided. It is not possible to determine the of tie 
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ON MECHANICAL ANALYSES OF SOILS sons Discussions 


material or greater than size, except such s as limits 
Of a particular fraction, and then only by a process of adding the lengths of the 


tg ars between that point and one end of the diagram. In the semi- oy oagend 


YE woah or less than any specified size and also to determine the median size or 


ingle value to express the size of the ‘material. ace CA: 
In the form of summation curves using the Cartesian co-ordinates am te 
grain diameter, unless‘ the chart is very long, the smaller sizes are difficult to 
and plot accurately. Very fine sizes particularly come so close to the zero 

i size line that it is very difficult, if not impossible, to read them. In thes semi- 
__ logarithmic plotting, the scale of the smaller size is ; enlarged, and it is possible 
to read accurately down to the finest particle used. of compari- 

on, ‘it is possible, using 1 the semi-logarithmic paper, to plot on the same sheet, 

using ‘the same co- -ordinates, the size distributions of a number of neeales 
with much less confusion than is possible using the other ‘methods. ae: 7 
ine In 1 the plotting c of ‘sizes of material moved by flowing water there is fre- 
“sh Fe cal considerable uniformity of particle size and the curves often take the 
_ shape of Mr. Campbell’ s Sample (c). They frequently have a distinct S form, 
howing that the greater part of the material is of nearly uniform size, but that 
a. small part has a considerable size range larger than the main body and that 
a small part has likewise a considerable range smaller than the principal 
part. . Ast these small fractions may prove to have a considerable bearing on 
the: tran ortation of the material, it is desirable that the method of graphical 


‘ordinates which would the of the ‘ cent larger” seale 
would aid in this desirable end. . The writer is experimenting on the develop- 
ment ofsuchaformofpaper, 

= Mr. Campbell’s comparison of the various classifications—clay, silt, sand, 
_etc.—serves to emphasize the lack of agreement among the workers in this field. 4 


Mr. Wz had Paypal has mentioned several others, including those i in Table 2 2, 
“still 


Iti is the same as that of Mr. C. K. Wentworth except that it divides silt into. 
four classes. ‘Mr. ‘Campbell’s s classification has much to recommend it, but the 
writer fears that no. classification recommended by an | individual, regardless 

E of how eminent he may may be, , will be universally accepted. It , seems probable 


. engineers at least adopt on one standard. _ Any one whe had definite opinions on 
_ the superiority of another classification would still be free to use the grouping 
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of his choice. aaa an OS on certain features of the e method of 
- plotting could also be standardized, such as whether the size range should | 
jnerease or decrease toward the right, and whether the percentage smaller 


than or a size shot should be used for the 
ordinates. 
en wor i 
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‘Mechanical Composition of Clastic Sediments,”’ by Udden, Bulletin Geological Soc. 

+ Die rationelle Klassifikation der Sande und by A. Chem. Zeitung, Jahrgang 29, 

t‘‘A Seale of Grade and Terms for Clastic Sediments,” by Cc. Ww entworth, of 

va 30, p. 382, 1922. 
ie § “Missouri River,” H. R. Doe. Jo. 238, 73d Cong., 2d Session, Appendix xv, February, 1934. 7 


) The standard of gradation o1 or uniformity y suggested by Mr. Campbell, 3 4 


iter believes to be a very good one. _ Although it has a purely empirical 
asis, so far as known no classification on a more rational basis has been sug 


bested. It has the great advantage of being easy to obtain. _ Nosuch standard 


bew widely 1 used which for: each sampler requires the expenditure of considerable 
time for its determination. The writer has long recognized th e desirability 


of some easily determined coefficient of variability for convenience in expressing 
in numerals, roughly, the composition of samples of granular material. He 
believes that the two numbers, median size (50% of the weight composed of 


| larger particles and 50% of smaller particles) and the Campbell variability 


coefficient, together make > possible a fair representation of of the size and gradation — oe 


It is believed, however, that ‘it would be possible to improve the ‘proposed — 
gradation coefficient. Mathematically, the value of this coefficient is 10/6 
of the ae. (Base 10) « of the ratio of the “80% smaller” : size to the Rae 

= use logarithm of this: ratio, instead of 10/ would 
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with a slide-rule, requiring one less operation than ‘the 
7 it would be the number of cycles of the 


= value of this proposed inal coefficient in every case would be 0.6 of that of 
_ the one proposed by Mr. Campbell. Some thought should also be given to the 
possibility that the use of, say, the 15% and 85% the 10% and 90% 


might b be preferable to the 20% and points. 


J. Sanaer,® Assoc. M. Am. Soc. C C. E. (by letter).“—It is a well estab 
“the best chart is | probably the one ne commonly us used, having the log scale at the 
bottom for grain sizes. _ The terminology used in describing grains of particular 
_ grain sizes cannot be justified. - To take existing, well understood terms describ- 
_ ing natural soils and to use them for more precise meanings very near, but very 


Gifferent from, ‘their previous meanings, | is unscientific and The 


- points of of view. Why not, then, discard these confusing divisions? — If if it really 
is necessary to subdivide the horisontal scale according to present practice, 
other terms should be used, and probably | a ‘numbering system is best. . The 
grain-size distribution of a natural soil, as specified in n the chart used 
44 ee by the U.S. Bureau of Public Roads, can better be shown by an area bounded by 
: two curves, inside which a soil of the particular class must lie. Engineers a are 
not in the habit of defining structures and machines by lengthy descriptions; 


2 but rather by the use of drawings. | “Why not describe the grain-size distribution 

way and not bother about printing percentages? 

Ss ae Tegard to grain shape, is it not probable that the moisture and plastic- 


ity tests, as given in A.S. T. M. publications, take full account of the ae 


This means that to Pe a a natural soil, a chart and some moisture and 
plas ticity data are necessary—not a list of which are difficult to 
appreciate a as ; they stand . Natural moisture content, specific weight of soil 
particles, and natural voids 1 ratio from which density of the mass can be cal- 
culated, are also desirable, of course. The: point i is that the list of percentages 
should be superseded by the curve and that the existing terms for sub- ~divisions 
should be discontinued. _ The importance of the geologic history of the soil i is 


Head, Dept. of Eng. and Building, he Lester School and Henry Lester Inst. 
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KNAPP ON MECHANICAL ANALYSES OF 


p Hates soil by means of the grain size and the grade is most helpful and, v4 Laas 
combination with Fig. 1, serves to give a an immediate idea as to the type of the — 


sil. Furthermore, this ‘proposal mi makes generic designations, such as clay, e 
sand, ete., superfluous. The writer would suggest that a more complete >. ee a. 


: agram of the several hundred samples 1 mentioned by the author be included i in i? oy 

The graphical representation of analyses of soils and their definitions by ‘the 
mean grain size and grade should be helpful in permitting a more logical inter- oe 
; pretation ¢ of a hydraulic problem, namely, the permissible maximum velocity i ete 

: earth canals i in order to prevent aie. is Although other factors still enter as 

problem (such ¢ as the cross-section of the’ canal and 1 the velocity distribution) 

si ‘it is clear that the properties of the soil are of outstanding importance. eee F 

Russian engineers* have published a t: table of permissible 

soil, ‘subdivided into four classes according t to porosity. From the few 


given in to grain size, the writer plotted the distribution as 


i 10° may be plotted as abscissa, the velocities as ordinates, and the porosities 
? as parameters. With some imagination it was found that a@ curve could be — 


fitted to the various points, especially that the properties of soil in 


a 
4 


4“ Die zulaessigen Hoechstwerte Geschwindigkeit in Ge rinnen,”’ A 
Schoklitsch, W und Wasserwirtschaft, 1937, 21 


; 


— 
¢ 
— 
= 
— 
# 
ly 
. clearly the inter-relation of the permissible velocity and the properties of the soil. a Bes: ys 
With Paulo Tramway, Light & Power Co., Ltd., Paulo, Brazil. 
J — 
by 
of 


AMERICAN OF ‘CIVIL ENGINEERS 


SUSPENSION: princes 


yh? 
GLENN B. WOODRUFF AND ‘Norman C. 


LENN B. . Woopr att AND Norman C. Raas,?? MEMBERS, Am. Soc. C. E. 

—Even o the experienced ‘the deflection theory for 

_ suspension bridges | has heretofore been largely a matter of ' following formulas 
without a complete conception of their meanings. The + authors are to be 
congratulated upon their success in presenting a clear picture of the interaction 
ee of the v various parts of the suspension system. The paper is so complete and 
wigs the results so convincing that, within its scope, there remains but little to be 
= said. Ag Tn th their “Conclusion,” the authors have emphasized several subjects for 
Bes further investigation. i The ‘owing is submitted, not as an answer to these 
problems, but rather as. a suggested basis: for these investigations. 
hee Before commenting o on these problems, reference is made to Fig. -: which, 
t is believed, neglects the fact that unless other ' changes i in design are made, | 

re changing the truss stifiness would also affect the dead load, which, in ‘turn, ; 

would affect the deflections. Assuming th: that the designers of t the San Fr ancisco- 


Oakland Bay Bridge considered an increase in rigidity, necessary, the question 
arises as to the most economical means of securing such increase. . For the 
fk present, only the methods of increasing the dead load of the suspended strue- 
ture, increasing the moment of inertia of the stiffening trusses, or a combination 

of the two, are considered. To keep the dead load of the ‘structure as low as 
“practicable, light-weight wsasaeiii were-used for the 6-in. upper-deck paving 

slab, at an increased cost f for the light- weight as compared to standard aggre 
gates. Es The cost of the p paving, as well as its supporting floor steel, could have 

been reduced by using standard aggregate. Still further savings in the ‘floor 


construction could have been made _by using a Sein. paving slab with standar 


—The pi paper by and Harold E. Wessman, Members, Am. Soe. 
E., was published in January, 1938, Proceedings. Discussion on this paper has appeared 


fa Proceedings, as follows: May, 1938, by Messrs. A. W. Fischer, and Jacob ~erscongal a iz 
Engr. of Design, San Oakland Bay Bridge, San Francisco, Calif. 
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TABLE 3.—Erreer OF Moment OF on Riaipity 


= 

of square | ment,in | in feet 


flection 


VI 11 100° 1 


that ; there would be 1 no economy - in extra for : an 
weight floor and adding truss metal to regain the rigidity lost by decreasing ~ 
> Certain of the additional studies proposed by the authors lead to a penne ; ms 
bridge esign, is desirable. For this it is necessary to specify the 
intensity. and distribution of live load, a measure of the required rigidity of the 
stiffening truss s, and the permissible unit stresses. 4 Considering: only vehicular 
loadings, the probabilities of several | of the loading c conditions assumed in the gt: 


calculations of maximum stresses in stiffening trusses are so remote that they 


¢ ‘subjected to heavy traffic, is to the roadway filled with 1 passenger 
cars interspersed with comparatively few trucks and buses. — je With » traffic 


_ having an unusually high percentage of trucks and buses, and assuming that Piss, 
roadway is completely filled, to bumper, the-results per 100 vehicles rg 


passenger cas @ 200 256000 lb @16ft=1280ft 
80000 lb @ 26 ft = 130 
gir ee @ 20 000 lb = 300 000 lb @ 26 ft = 
vehicles @ 63 360 Ib = = 636 000 lb @ 18 ft 180 
With h traffic ‘moving slowly, the average space between cars be 
ft, 0 or a total of 30 ft per vehicle. With traffic at a standstill, a load of 35 
per sq ft is possible. 5 


With traffic | at slow speed, this reduces to 25 


| 8612230 (ake 
Assuming that the qua 
calculations have been 
(Il) 50% increased I (no 
weight of trusses and cables included); (IV) changing pavement slab 
= — standard concrete (no increase in I); (V) changing paving slab to standard ~ el a 
concrete (30% increased I); and (VI) changing paving slab to 9-in. standard 
iii: 
| 
910000 
‘or structure, increasing the moment of inertia of the stiffening trusses is, in general, z gs 
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forml 


of the bridge with no hictes, an » the other parts is small, but should be “oom 


_ sidered a possibility. The probability of such a critical | (as used in stiffening 
_ truss analysis) loading on more than one lane is more remote. Unless deliberate — 
efforts are made to achieve such a result, the writers do not believe there is any 
chance of a loading heavier than that of an H-20 truck in the lane adjacent to 
_ the stiffening truss and 250 lb per lin ft in the other lanes. — As s applied to 
customary | practice, the foregoing rule would have the effect of i increasing the 
design loads for two-lane bridges at and decreasing those for wider bridges. — #F or 
cer the Triborough. Bridge, it would produce a a live load of 1 500 lb per ft of truss. 
in comparison with the 2 ( 2 000-lb b design load. 
ae In the writers’ opinion, , the question of omitting the stiffening | truss (see 
_ “Conclusion”’) should be reframed to read, “How flexible may the stiffening | 
trusses safely be made?” A certain degree of vertical stiffening is always” 
/ desirable to spread concentrations over several hangers; otherwise, "severe 
distortion may occur | at the stringer connections and at the cable bands. s. The 
of a ‘damaged hanger should be considered. Chords are always required 
" for the wind truss and, as a minimum, the material required therefore s should be 


i disposed so as to afford as ; much ° vertical stiffening as ; practicable. Vertical 


ma wrt suggestion ‘toward a . specification for the degree « of vertical stiffening hes 
been made by Sterling Johnston, M. Am. Soc. C. E.* The writers, however, 
_ suggest that the angular change at any panel or annie point, rather than 
the change of grade, be considered the criterion for the required stiffness of 


the system. _ Farther data are required as to the effects of angular lar changes 


ot a ¢ definite ‘specification based on rigidity i is established, there will be so 
many variables i in any ‘specific case (such as economical panel arrangement, 
back-stay conditions, dead loads, ete. ), that each structure will be a separate 
study and | no definite rules a as toe economic truss depths will cover the large 
The writers believe that efforts : should be made to reduce the participation 

/ a of the floor system i in stiffening truss action as much as practicable. Usually, 


it is not economical to combine ‘direct and bending in any member. 
participation. Such joints interrupt the “continuity of ths pavement and 
a generally involve « considerable n maintenance. — vi Efforts s should be made to reduce 


the 1 number of such joints toa a minimum. Participation from vertical 


basis of the usual ca calculations, stresses in stiffening trusses are 


shown® that the ‘usual alloy steels have strengths 1 no greater than 


"Pransactions, Am. Soc. C. E., Vol. 100 (1985), p. 1210. — 


Rept. on Fatigue Tests of Riveted Joints, by Wilbur M. Wilson, » Presented at the 
meeting of Structural Divi n, New York, N. Y., January 1038. published. 
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‘steel; 

Silicon steel costs only slightly more than carbon steel, and for ocessionel 
over- -stresses, should have an increased ‘strength in the ratio of their yield” 
points. It is believed, therefore, that silicon steel should be generally u used for a 

#¥ The authors have furnished a method whereby ‘comparative studies of any ie 
variable can be quickly made. It is better. engineering to make these ae) * 

| ot than to give any direct statement as to the economies of light- weight a 

- floors or other detail problems. As long as the designer considers the rigidity pe. 


- furnished i in both vertical and horizontal planes by the dead load, the solution — ry: ¥ 


ey 
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OF BATTLE. DECK 


LL, J UN. para 


The writers | also feel that a 5 word of caution should be offered a the 

is general use of design methods empirically formulated from a limited number 
ee tests without the benefit of a rational analysis of the problem. ie 
ais The determination of the load distribution along and between stringers in 


‘complex problem. that deflections are pr produced entirely by bend- 
3 ing, the method of of approach used by the authors (that o of measuring slopes 
ae along the stringers and differentiating to obtain moments and shears) ‘is. 
theoretically sound. It is extremely sensitive, however, both to experimental 
inaccuracies and to ‘slight variations in the manipulation of the slope data” 
obtaining the derivatives. From the nature of the level-bar readings, it 
was evidently not possible to obtain the slopes at the extreme ends of the 
5 stringers. As a result, the end moments and shears, which were the critical 
values in _ determining the end-fixation and load- distribution factors, were 
obtained from the derivatives of extrapolated curves. Fig. 7(a) suggests 
the liberties taken in sketching in 1 the slopes at the ends of the ‘panels may 
have had considerable influence 1 upon the ¢ accuracy of the results obtained. — 


«That the bending moments | and load- distribution factors determined i in 


Notge.—The paper by Inge Lyse, M. Am. Soe. C. and Tngvald Jun. Am. 

Soe. C. E., was published in January, 1938, Proceedings. - This discussion is printed in 
Proceedings in order that the views expressed may be brought before all members for fu fur 
I 5 Research Structural Engr., Aluminum Research Laboratories, Aluminum Co. of Amer- 


Received by Secretary April 1938. 
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sistencies found between the loads carried by stringers the 
4 corresponding center moments, as shown i in Table 1. It would seem from the a a 
nature of. the problem that the. load on the stringers not carrying the wheel- 
“toad concentration would be distributed along the span according to the relative | « 

deflections of adjacent stringers. Table 1 shows, however, that for the full- 
"sized floor the = computed center n moments for Stringers B and D, on either side 

of the loaded stringer, were greater - than would have been ebtcined had the A: a 
load computed for these stringers been concentrated at the center of the span. & 
Although the question of load distribution between stringers is of interest _ — a 
from the standpoint of analysis, the designer is usually concerned only with ‘oa 
the maximum intensity of load and the corresponding maximum stresses tha va _ 3 
‘may be produced. ) In every case but one, given by the authors, the computed | pes 

stresses in the bottom flange of t the loaded | stringers were less than the measured ao 
values, the difference in three cases being m more than 20 per cent. . As long as 

-load- -distribution factors are to” be determined 1 experimentally, it it would ‘seem 

that an attempt should be made to make them as consistent as possible with 

Ba Table 1 shows that in 7 

the loaded stringers (plate stresses, considering T- -beam | were shout 

_ twice the “measured values. “Although these stress differences are 
not important from the standpoint of design, the writers believe that = 

_ may be attributed very ne to the small widths of plate computed a re 

be effective in T-beam action. Since the end shears were determined from the — 

second derivatives of the slope curves, ‘multiplied by £ any errors in the 
slopes, of course, would be reflected in a greatly magnified manner in the 
- Eevalues. Any tendency to assume greater negative moments at the ends of a 

the stringers than were actually present, as appears to be the case at the left. 

of Stringer Ain ‘Fig. ‘7(a), would ‘result in high values for the second 


derivative of the > slope curve and correspondingly low values of EI. 
The authors conclude that “the width of plate acting with the stringer 


varies with | the stringer spacing. ” For certain conditions of f loading this 
statement is undoubtedly true; but it should be borne in mind that the de 
width i is dependent to a much greater extent on other variables. — c euekemer S. 


loading on a -wide- T- -beam, in which the flange thickness is small - 


compared to the depth of the beam, the effective width of flange i is a function — 


of the | span length alone. In general, however, the effective width depends 
not only upon the span length and type of loading, but upon the plate thickness aa 
“and the elements of the stringer section as well. _ It may be shown from an . 
extension of Professor ‘Timoshenko’ analysis” ‘that. the theoretical effective 
width of plate acting with a stringer | in the full-sized floor, assuming a concen- 
trated load at the center and a span of 16.75 ft, is about 45 in ‘s Such a width — it 
is greater than the stringer s spacing, but as long as the loads on all the s stringers a 
bs not of the same magnitude, there cmmeae to be no reason | for placing an 
arbitrary limit on effective width, 
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- effective widths of plate ir in T-beam “tian of 17. 5 in. and 45. 0i in., as ‘computed 
by the authors and writers, respectively. It is clear from the differences shown 
7 that a great increase in the effective width of the plate would have little effect 
on the calculated stresses in the bottom flange of stringers, | but would 


TABLE 4.—Sxcrion ELEMENTS FoR STRINGER oF Fuut-Sizzep 


** From authors’ Table 2. + Computed by writers. 


the value for computed bending moment, given by the in 


a: Table 1 i, and an effective width of 45 in., the calculated : stress for the top p of 
w Stinerr C of the full-sized panel would be 2 200 Ib per sq sq in. , as compared to to 


measured stress of 2 100 db per sq in . The a authors’ top flange 
_ stress for this stringer, ong ye effective width of 17.5 in., was 4 400 lb pet 


the top = stringer stresses, the poe measured values which are sensitive 


In | computing the deflections : shown in Table 1, the authors assumed the 


a on each stringer | to be concentrated at the centes of the span, despite the 
fact that the a actual load distribution was ‘presumably known from t the slope 


_ measurements and the computed values of center moments given in the same 
did not correspond such a distribution. is also” apparent that 
it _ shearing deformations were omitted from the values of computed « deflections. 

The effect of shear 0 on the deflections would not be very great, of course, pro- 

ducing an increase of only about 77% | for the full-sized floor. — The addition 


of this percentage, however, would produce a greater discrepancy between 


_ measured and computed values | for the loaded | stringer then that shown. The 


3 computed deflection of Stringer C, for instance, would be increased from 0.179 


to 0.192 in., as compared to a measured value of 0.170 in. If an effective 


width of ‘plate | of 45 in. rather than 17.5 in. had been used, ‘the computed 
leflection, including shear, would have been 0.163 in. 


__ During the past seven years (1931-38) ‘the writers have had ¢ ine to 


make tests on several bridge-floor panels of the battle-deck type, and on 
other panels it in whieh the action was ‘somewhat All ‘the 


oOo 
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From ‘measurements of the bearing areas dual- tired wheels on large 


total of 21 600 Ib i distributed over two parallel pads v which 
8 in. and 113 in in the direction of traffic. These. bearing pads 
are of felt, 1 in. thick, backed wu, up > by steel plates 1 in. . thick, and « are ‘spaced ¢ 
1i in., , center to c center, so that t the total width i is 20 i in. Itis believed 1 that this 

type » of loading m more nearly simulates the true wheel load than the application ae 


of a uniform pressure over continuous bearing area. 


-In. Plate — 


Note: Stresses Measured on Bottom Side of Pla rite 


In. 


aa Fig. 15.—MEASURED STRESSES IN PLATES OF BATTLE- DECK BRIDGE 


"adequate for the design of battle deck floor systems of proportions different 
fom those tested. writers have tested floor panels composed of plates 


and in. thick on 8-in. channel stringers, spaced 11 in. apart, loaded 


With the truck so placed that the tires on each of the rear wheels straddled a 
stringer, the. plate e stresses shown in Fig. 15 ‘were measured. It will be noticed | 
that the transverse stresses found under the inside tires were considerably 
the same degree for both thicknesses of plate. The test was made so that the | 
panel with ‘the plate was loaded the right rear wheel of the truck, 
whereas the left rear wheel was placed on the panel with the doin: plate: 
‘This unequal distribution | of the wheel load between | the inside and outside 
tires may have been influenced by a number of factors, such as the deflection 
of the rear axle under load, the air pressures in the tires, and the extent of 
Wear on the tires. "Whatever the reason, the fact remains that this unequal i 
distribution was obtained | for a typical case of a truck in service and the 


existence of such a condition should be recognized. 


4 


with a truck having dual rear wheels and carrying 35 000 Ib on is tet ale ats — 


higher than those measured under the outside tires. . This’ was true to about = af :: 


2 
ng 

ct 
se 
— 

| 
— 
the 
the 
ope 
‘me 
— 

hat | 
ns, 
ion 
‘ton 
The 
179 
tive 
a 
the — 
— 
q 


HILL AND MOORE ON BATTLE- FLOOR SYSTEMS 


Me the wheel loads in Fig. 1! 

_ proportion as the ratio of the measured transverse stresses, it is s found that the 
Gide tires carried about 57 % of the total, which is equivalent to a load of a 
br... 000 Ib on a bearing area of 8 in. by lg pote to Equation (3), — 
this load would produce maximum -_transvers stresses of 22 800 lb per sq in. i 
in the 3-in. plate and 30 400 Ib ‘per sq in. in the ie-in. plate, which values are — 
a fr 40% higher than those actually measured. As far as the effect of the 


load on the action of the plate is concerned, the ne writers’ tests differed i in two 


details from the tests described by the authors: 


(1) In the writers’ tests s the Toad was distributed i in such a manner that the pt 


"plate was loaded on both sides of a stringer, whereas in the authors’ tests the 
or was carried entirely between two stringers. It would seem that this 
- difference might produce the effect of a — — of fixation i in 1 the he plate 


__ terms < of clear distance between stringers, was about three times as great in the , 
a writers’ tests as in those of the authors’. _ This greater relative length of 
bearing : area would produce a distribution of ‘longitudinal ¢ stress that would be 


without a a sharp peak, such a as s that shown i in Fig. 13(a). 
derive an equation for 


be "generally applicable to this ty) pe 
; construction on the basis of the protean test data available. j Because of the 


small deflections in the writers’ tests (as in those of the ; authors’) the load may 
be assumed to be carried entirely by bending of the plate. _ In the case of 
tl thin plates, however, i in which the deflection might be several ¢ times the thick- 
ness of the plate, a part of the load will be carried by direct stresses, and a any 
equation derived on the basis of bending resistance only would —* be 


an In discussing the manner in which a load applied over the center s stringer 


ee, 3 distributed laterally: to the other s stringers, the authors state (see “Summary,” 
Item 6) that “the distribution factor varies | with the thickness of the plate ; 
and the distance between the stringers.” _ Nevertheless, in Fig. 14, which is 
aoe - recommended as a basis for design, the percentage of the total load etintied by 
fps = the loaded stringer is plotted against stringer spacing, with no regard to plate 
‘ thickness. e _ There are at least three other variables which affect the distribu- 
tion of the load among the stringers: (1) The stiffness of the stringer (or com 
posite. plate and stringer section); (2) the width of the panel (or the number of 
stringers) ; and (3) the span length of the panel. res 


Ta Since, as the authors state, ‘the load - transferred froin ous stringer to an 


adjacent: stringer is a function of the difference i in | the deflections of the two 
"stringers, it follows that if the stiffness of the s stringers is increased the 2 deflee- 


tions will decrease and the condition of very 8 stiff ‘Stringers and a relatively thin 
plate will be approached. In such a ease the total applied load ould b 
earried by the loaded stringer, regardless of the stringer spacing. 


eae The effect - the e panel width on the part of the load carried by the loaded 
stringer can 
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denied load, and the two stringers adjacent to the center years carry 15% of © Lg 

the load. . 3 The remainder of the load would then be carried by the —— ae 
the « center three. | the width| of the panel is decreased s that 
contains only the center t! three stringers (which previously carried 65% of the 


The importance of the ‘span length i in determining the manner r in Ww hich © 
a centrally applied load is distributed among the various stringers can be 
demonstrated by data obtained by the writers from tests on a bridge-floor panel — 
of the interlocking-channel type. ‘The action of this panel \ was similar to — 
that of the battle- -deck 1 type s since the panel was s essentially composed ¢ of a ie 
of ribs connected by flat plates. ‘The panel (which was 11 ft 6 in. wide) was a 
tested on simple spans of 3-ft, 4- ft, and 5-ft lengths. Load was applied over a 4 
bearing area which had a dimension of 12 i in. in the direction of the width of 
panel. With a rib- -spacing of only 7.25 in. and the load centered on the 
_ middle rib, it is evident that the loaded area extended almost to the two ribs RS 
adjacent to the middle. The proportion of the load carried by each rib- for 
'~ different span lengths i is given in Table 5. These percentages were deter 
mined from measured deflections on the basis that the load carried by each of be bi 
the ribs was s proportional to its deflection. ae Stresses measured on the bottom _ im 


of each rib were substantially in “agreement with such a a distribution of the 


‘ioaded and that the center rib carried about 50% m 
on a 3-ft span than when the — was tested on a 


Percentages or ToraL Loap CarrigD BY THE FoLtowine Rips, 


Loap CoNcENTRATED ON CrEnTER AT -Mip-Sran 


he Rieut or Cente 


a: some of the tests made by the writers, one or more , “distributor” pone: ; 

= fastened to the ribs in a a direction normal to that of ther ribs. The funtion — 24: 
of these beams was to ) produce a more favorable distribution of the load among ‘< 

- the ribs. . The degree i in which this was accomplished on the panel of the inter- 
“locking channel can be seen from the values i in Table With the distributor 

beam at the middle of the 5-ft span, the e center rib paar se only about 12% of : 


iE ite total load (as determined from measured deflections), whereas about 22% - 


—@& ofthe load was carried by the same rib without the distributor beam. Ob-— 7 


viously, the effectiveness of the distributor beam will on its stiffness. 


— 
ore load with the panel a 
tpn, 
k- TAB 5.—Loap DISTRIBUTION IN PANEL OF INTERLOCKING CHANNEL 
ly 
— 
by 0.5] 1.0] 1.5] 2.1] 248 |18.3)8.3] 4.3] 2.0| 1.5| 0.7] 0.2/0.0 
0.0] 0.4] 1.0] 1.6 | 2.2] 2.9] 10.1) 17.1) 21.6 
ate 0.8} 1.6 | 8.2] 4.4/6.1) 7.3) 8.6) 11.0] 12.2 | 1.8 | 0.6| 0.1 
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Discusion ag 


‘DeJunasz, 16 Eso. (by letter). the purpose of analyzing com- 
an plicated inter-relationships, the graphical method is far superior to numerical 


computations, writer’s experience with water-hammer not on 


water conduits, but on 1 fuel-in injection. systems | of Diesel engines. 1 These types 
also involve complicated water-hammer phenomena for which numerical com- 


putations: are scarcely practicable, although 1 they can n be analyzed readily 
i graphical methods. at herefore, the writer fully endorses the author’s preference 
for the graphical method. 


ea The examples given in this paper treat important practical cases and are 
“highly instructive. In the writer’s opinion, however, their clarity would be 
z enhanced by a supplementary | diagram, with time as the abscissa and distance 
the ordinate, and where the v and h- -flow conditions exist. 


“Indexing the » and | points a8 Was done » by the author, is helpful, but does: 


not tell the enti 
structed if the acoustic: velocity pr the various pipe subdivisions are , known, 


It is admitted, however, that for knowledge « of the absolute magnitude of the 
surge pressure this i is most — alone 


yppears workable, but it A to the 


a friction is assumed to be localized at definite points in the ‘pipe, whereas 


actually it is is distributed a all | along the pipe. As yet t the writer cannot suggest 


any definite | procedure that would more closely : ‘approach the actual conditions. 


It seems, however, that the friction could be taken into” account by varying 
the slopes of the directrix, that i is, using a directrix of greater slope when pres 


- Notr.—The paper by Robert W. Angus, Esq., was published in January, 1938, Pro- 
ceedings. This discussion is printed in Proceedings in order that the views expressed may 
be brought before all members for further discussion of the paper. 
416 Associate Prof., Eng. Research, The ero 5 State Coll., Sta llege, Pa. 
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sure is converted (because the frictional absorbs part 
of the 5 pressure energy), and using a directrix of smaller slope when velocity — 
is converted into pressure (because the e frictional re resistance absorbs part of the 7 
velocity energy). Bs Admittedly, such a method would be handicapped by some ip A 
complications that the author’ s simplified procedure does not involve, and it Me Be 
is offered solely : as another line of attack along which the solution of | ‘this 
question might be attempted. 


‘Transient phenomena in elastic columns constitute a wide group, 
* in addition to water-hammer, spring ‘surges, surges in | gas ¢ columns, and electric As 


transients, all having important. applications in engineering. ‘The | graphical 


analysis appears to be a highly useful tool. , lei is to be hoped that Professor a 
Angus’ scholarly paper vi will 1 help t to direct attention t to the advantages of the 
"graphical method and serve as an incentive its in related engi- 

Correction for Delete two sentences (and the included foot- 
note) beginning the third line after Equation (105): ' “Equations (10) have been fay 
*** by Norman R. Gibson, M. Am. Soc. C. and, in ‘the last sentence 


e 


Harowp A. Tuomas,” M. Ant C.E. (by 
engineers have been rendered a notable service rhe the publication of this clean- 


“ cut and workable graphical method for solving problems of water-hammer in 
be branching and compound pipes. - While studying this method the writer has “ee 
— noted that Professor ‘Angus i is not correct in stating that the solution of these _ 


are [Problems by analytical means is almost impossible (see ‘ i ‘Synopsis’’). The 

fundamental equations underlying the method lead to analytical 
which gives t the same | results as the graphical « one. tf. 
Since numerical methods of computation have certain advantages over 


graphical ones, it seems to present a brief outline of the analytical 


con- 

ywn. 
the 
Jone 
y size for filing and ahead in reports, freedom from troubles due to paper 
shrinkage and wrinkling, and freedom from trouble due to having work 
extend beyond the boundaries of the In cases, ‘method 
ram. 
that 
ereas 
ggest 
ons and diameters, ‘these pipes being joined together by or 
rying way junctions x Before starting the computation, a sketch of the ‘system should 
pres be made, each pre of each uniform pipe designated by a letter, and an arrow 


marked ¢ on n each uniform pipe toi indicate t the e assumed positive direction of flow or 
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“(THOMAS on: WATER- PRESSURES 
point in the same direction, and 
the case. of a three-way junction al all three aITOWS | must not point either 
or aw ay from the intersection. In certain pipes of the. system the flow 
ce sg will have a known direction under a condition of steady discharge with the 

; gate or r valve « open, and it is convenient: to make this the positive direction of 
os Notation Pertaining to a Frictionless Uniform Pipe.—The notation to be 
i mic - used herein will follow t that of the author, with some necessary amplifications, 
€. “pe: The flow is assumed to be rage tes: except where otherwise mentioned. The 

analytical work is materially simplified by presenting the equations in ‘terms 


“‘Gige of discharge rather than velocity. yd = area of cross-section; V» = velocity of 


acoustic wave; T = time to any given instant; = ——= time toang ‘ 


a Bee's ‘instant, — sec earlier; X designates that end of the pipe at which ‘the head Prof 

heed and discharge ar are unknown at a given instant, T; X’ designates the other end 


o aes the pipe where the head and discharge are known at the earlier instant, M. 


Reve 


Hx,0 or Hxr head at at Section X, at time, T. 
or Qrr = discharge at Section xX, at time 
or head at Section X’, at time, 
Q’x, or Qxr’ = discharge at Section X’, at time, 


Gischar 
‘The term, “head,” at any section of a Pipe is used herein to designate the 


can be used in cases where no ambiguity results: 


elevation of the center of the pipe ‘above the datum, plus the pressure head a 
Finally, N = a factor whose value is + lor to whether the 
Re positive direction of flow in the given uniform pipe is toward X or away from X; ea 

a a water- haminee constant, such that, ay 


otation Pertaining toa alve or Gate.—If ‘the gate discharges into the 
& saad air, take the datum plane through the vena contracta of the jet, and let 
Hand Q be the head and discharge, | Fespectively, just above the gate, whose 
coefficient of discharge is_ Ca and of opening: is Then, 


in which ki is known unction of the 


the. gate discharges u under water, ‘assume the datum plane 
and let Hx and Hy be the I heads just: up stream and down stream from the 


In cases where Hx — Hy Is (55) then 


J 
dui 
bec 
In ¢ 
so t 
reac 
| 4 
in 

| 
> 
— 

— 

— 

= 
(58) 

Theref 
— 
= 


~‘THOMAS ON ‘WATER- -HAMMER ‘PRESSURES 


In order to fore cases in which the flov the gate may ‘ie reversed 
so that Q and Hx — Hy renee megntive, the relation may be generalized to 


in which the symbol, ‘||, en qu es 
(positive) numerical value of that quantity. 

General Relation Between Head and Discharge i in a Frictionless Pipe i in Which 
Waves of Pressure Change Are Present.- —According to the principles derived ae 
Professor Angus’ paper the head, Hx 7, and the discharge, Qx 7, are related as 
to each and to the head, and discharge, 

In tl s rela be written: 


a variety of spec 


BMERGED OPEN END 
SU 


‘OR VALVE 


Submerged Open End; Fig. 21(0) —In this case since the in 
vater of the tank or reservoir is always equal to Ho the head at Ps at any ae 

= Hp. . Moreover, by Equation (59), Ho + S p 
Therefore, the Giecharye at Section X at any instant, 7, is given by, 


0 


v 
— 
8. 
ns — 
— 
an 
— 
ad = 
nd 
— 
— 
| 
id let PIPES 
(68 
— 
— 
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Dead End; Fig. 
zero at all times. ‘Therefore, pis discharge at Section x at instant, “fps is 
given by Q=0; also, by Equatic the head at the insta 


‘Valve « or Gate Discharging into ‘ome 
ugh the vena ¢ contracta of the 


head and energy losses due to contention or expansion, the head at 
- the junction is the ‘same whether the junction is considered a part of 1 Pipe. 
es X, or of ‘Pipe } oe Therefore, let H = Hx = Hy. _ Assuming that the 
positive direction of flow has been chosen the same in both pipes, s, the law of 
continuity. of flow may be written: by Equation | (59), q 
. (64a) 


discharge and head at the any given instant, 7, 


—Negleting the of velocity head 


the s 8 rE whether the junction is considered a past of Pipe X’ X, Pipe he or 

’. Therefore, let H= Hx = Hy: = Hz. Assuming that all three 
arrows do not point either toward or away from the junction, and that the 
points, X, Y, and Z, are chosen so that branches Y and Z are the two in which 
he positive directions of flow with respect to to the eg are the same, the law 


continuity flow takes the form: Oy + Qz. By Equation (59), 
Therefore, at 


— 
— 
— e discharge at Section X at any gi 
= 
— 
— 
— 
— enc 
— 
— 
— of th 
— herefore, the fricti 
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Cx Cy Cs 


Gate or Valve Between Two Pipes; Fig. 21(f). .—In this case it is 
& the positive direction of of flow has | been assumed the same in both pipes, and P. ! 
that X and Y are so chosen that the. positive direction of flow is from X to y,: 
‘Then, at any instant, 7, the discharge through the gate is Q = Qx = 
4 from Equations (57) and (64) that, at any instant, the discharge 


(Sx - — Sy) (Cx — Cy) 


Point; Fig. 21(g). —The approximate friction loss, Hy, : 
uniform pipe is considered to be ; in which Q i is the discharge at the 


or purposes of computation the loss i is assumed to be mini in a very 
short distance, X Y, at the mid-section of the p pipe, , the letters being s so chosen — 
that the of flow is from X to Y. Therefore, Q= Qx= Qy 


and 8 = = Sx oie — Sy. In order to pt to provide for possible reversal of the direction 


generalized form, Equation (87), Hy = = j Q 
SQ-= and ‘Hy -8 Q=Cy. T 


1+? 
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— 
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“4 
Or the pipe at the given instant and 7 Is the coeficient of the ordinary 
1) — 
4 — 
i) — 
he By Bquation (04), 
ch 
i 


ti is to be noted that effect of a ‘friction point” is exactly the same as 
that of a constriction at the mid- section of the pipe. If it is desired to compute _ a 


- the friction loss in a uniform pipe with more refinement than this, the pipe may a | *. 


ai 


be regarded as divided into several segments and a “friction point’’ located at 
he middle of each. ‘The value of j for each ‘segment will then be based on the 4 
ength of that segment. If two segments of equal length are used, the two 
constrictions producing the frietion loss. will thus be located at the quarter- 
points of the original | pipe. Professor Angus’ method of finding the > friction 
_ head for this case, as shown in Fig. 20, is ‘slightly. different from the foregoing, 


his two constrictions: being at at the one- third points instead of of at the —— = 


re 


a) points. _ Where several segments are used, the method outlined herein is more _ 


Saf accurate than that used by Professor Angus, since it makes the stepped hydraulic | Rat 

_ grade line conform more closely to the true linear hydraulic grade line. _ How- d = 

ever, in many problems, the ‘difference of the results obtained by the two TAR 

‘Solution of Problems. —The foregoing equations are sufficient for the — 
: a ‘solution of all ordinary problems of water- hammer in compound and branching ~~ 
pipes. work is greatly facilitated by tabulating ‘the numerical quantities | 


na systematic manner. A for the computations is. 


suggested in the following illustrative problem. In general, a separate table 


must | be arranged for each of the following kinds of points occurring: in the #4 
given pipe system: : submerged open end, dead end, valve or gate, series junction, 3 
and three-way junction. the effects of friction are to. be considered, one or 3 
“friction points’ re placed i each uniform pipe, anda table i is included = 
‘each of these points. 
When the blank tables have been 1 prepared and the initial values of head 3 
an and discharge have been written, into the tables in their proper places, the ® 
ar remainder of the computation becomes automatic. — The values of head, I H, and Tee 
- discharge, Q, ‘computed i in one table for a given instant, T, at one end of o one be 
ete of the uniform pipes, can always be inserted i in another table as the values of H! bs 
and Q’ for the end of an uniform | pipe. Repetition of 


Junction 


‘Fic. 22, —DATA PROBLEM 


‘oblem.—For this = 100 and 


Qo = 10 cu ft per sec; aM, ky = —— 


4 
=| 
‘4 
ud 

— 
& 

1 
- 
— 
— 

— 

4 
2 

— 
— 
The 
— 


form r rate sec; therefore, k= 


general formulas: reduce to the following special ones: 


and (see | (68), ott 


‘TABLE. 1. oF (73); ‘Secrron A, ‘Fie. 22; A VALVE 
4 | C (Item No. 3 plus Item No. 2). 600 | 566.0 529.8 | 4624 
or 
id 11 |50Q = 50 X Item No. 
50Q = = Item No. 4 minus Item | | 


Section B, a -way junction (see Fig. 22): 
A; =C;  @ =D; Cy = Hy’ 


regoing eqiuations are solved in Table 2. 


charge are are to be computed | at 2-sec intervals at the various sections designated 


by letters in Fig. 22. Friction i is neglected. For this pr problem the foregoing 


For Section A, a valve discharging into air, X = A; 4 
= 50;C = + 50 50 Q’; and = 0.1 (10 7): 


SURES 


, 


— — 
| — 
| 
| 


ONS FO 


SQ N 
Head, 


9 | Item No. minus Yiem No. 
A _ | Discharge, Q (Item No. 9 + Item No. 2).. 


R THREE- Way 


= 


= 31 
5 


184.5 


—316. 


153.3 


For Section ¢, a pure end (see e Equation (61)): X= 


=C= H’ — 


Bea | 


| 


=C;X'= 


Boo 


= -1; 


Bes 


‘ 

(Step (3) plus Step (2)) 

Discharge, Q 


185 


For Section Dia series junction: 


— a 
— 


“The solution of these formulas is given | in Table 4. 
TABLE 4.—SOLUTION or Equations ror SERIES JUNCTION 


4 


* 


Cx - Cy (differ- 


be ence in Item No. 
1s 


Discharge, Q 
| No.6 + 50).. 
20Q (20 X Item. 
No. 7) 
Head, H (Cx, Item 
No. 5 — Item 


RATE 


instant. 


x 


4 

For Section E,a submerged open end, at reservoir: - E: X'= 

—20;C = H’ — 20 Q’; H = 100; and (see Equation (60)), Gs =i 
The solution is arranged as in spit 5 


TABLE 5.—So ution oF FOR A SUBMERGED Oren 


Item 


145.6 


C (Item No. 3 plus Item No. 2)............ ” 
| C (Item No. 4 — 100) 


of each column and the unknown values, Q and H, at the 
The term, , “section- instant,” i is used to denote a given place and time. ‘Thus, 
in Table 5, at the section-instant D 5, ‘the discharge, Q’, is 9.30. cu ft. per r sec. ee bis 
The letter ‘at the bottom of the first numerical column i in each table designates — 
the given section, and the numeral « designates” the instant 2 se sec after the 
first impulse from the valve movement Teaches the given section. For 
ample, at ‘Section E the initial conditions remain | unchanged for 6 sec after 
the valve movement begin Therefore, i in for Section (Table 5) 


i 
16 2 
4 ex | 164.8 || 300 | 
4 
i 


‘THOMAS “ON V Ww ATER- -HAMMER PRESSURES 

8, is W written at the of the first The 
as at the bottom of the remaining columns (or groups of columns) of 
each table increase by 2-sec increments. ‘The letters and numerals at the top 


of column | are from those at the bottom. Thus, in Table 5, 


wil ’ 


is started writing into the tables the ew 


Ba 0, D 3, 4, errs 6; and the known initial 
< 0 cu ft per sec for instant- points, C 3, C 5, ie A and A 10. aia aa 


ie T he values of head and discharge are now computed for all ms remain 


order: 


— 
— 
— 
— ba 
— 
— 
— 
— 
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ON WATER-HAMMER -PRESSU = 
or each individual computation is indicated in the ta 
“The work in this example: been extended to the tenth second 
o Section A, and by yy means of the same p process it can be carried to : any , desired 
-_ Comparison: ‘with: Graphical Solution. —A solution of the foregoing problem 
_ by Professor Angus’ graphical method, slightly modified, is shown in Fig. 23. 
4 
is seen that the analytical and graphical ‘methods give ‘identical 
In this diagram the abscissas are plotted in terms of discharge rather than of | 
velocity, in conformity with the principle given in Equation (59). This 
- device of expressing the flow in terms of discharge rather than velocity is oe Pe 
helpful in clarifying the general analysis of water-hammer problems | in com-_ 
- pound and branching pipes, since it eliminates the use of complicated velocity 
cgaaenpcaad such as those described by the author i in connection with Equation — 
BN. la However, it does not change the : shape of the final graphical figure. al 
Professor Angus is to complimented on the of his 


use this modifications for cases in which the 
falls beyond the ‘boundaries of the paper. Such a modification is shown _ 


Bias 23. bit On the ney esculgaee horizontal line, ol, lay off on equal to ie 


is 


— 
ij 
4 
— 
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ARTHUR W. Baus, Jr, Scorn, 


ow 2 

oc. M. Am. Soc. E. (by letter). of the 


of stream usage in the and of stream studies to be 


_ functions not utilized at present. Rock River, in Northern Illinois, for” ex 
co ample, i is potentially a a fine recreational stream, within 100 miles of Chicago. ’ 
at present (1938), however, it As not extensively developed for this purpose 


because several other streams ‘offering vacational advantages are closer to 
4 "Chicago. In consideration of present pollution abatement requirements in the 
: a Rock River Basin, the Illinois Sanitary Water Board recognized this probable — 


; recreational development and | any stream studies will be planned with 

appropriate engineering analogy between the river system under 


-_tratively by Mr. Streeter, can b . Determination 
a the degree of treatment required at each source of possible pollution may * 

Ay likened to the design of the structural members of the bridge, under-treatment 
‘Tepresenting : a weak member | affecting the entire structure, 

over-treatment representing wasteful design. Gap 
Be _ Nors.—The Symposium on Stream Pollution in the Ohio River Basin was presented at 

ike the meeting of the Sanitary eg woe Division at Pittsburgh, Pa., on October 14, 1936, 

and published in January, 1938, Proceedings. Discussion on this Symposium has appeared 
i Proceedings, as follows: February, 1938, by Messrs. D. E. Davis, L. S. Morgan, C. A. 


- Holmauist, and Robert Spurr Weston; and May, 1938, by Messrs. Karl Imhoff, ae 3 
Johnson, Jr., Charles M. Reppert, Edwin K. Morse, James H. Le Van, and John C. H. Lee. 


Pee a. Asst. San. Engr., State Dept. of Public Health, Div. of San. Eng., pmnanes. ‘TL. 


‘Mr. ‘Streeter, does well to place emphasis on the need for consideration 


a effective pollution control and the well- designed bridge, which is used illus- | 
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during the year previous to the sampling period, in order toe evaluate, 

r the residual pollution i in the form of sludge , deposits that may be p1 present when — oe 


‘sampling is begun. During sampling of the Illinois River below Peoria, Ill. - ra ; 
and Pekin, Ill., in July and August, 1936, industrial pollution r representing es 4 
combined population equivalent of 789 000 entered the river. However, several 
industries had | operated during the winter and spring preceding the sampling a 
period but suspended “operations” prior to July 1. Wastes from the latter 
represented an additional ‘population equivalent of 375 000. Accordingly, 
was necessary to ‘modify computations involving the river data to allow Mee: 
- dadge deposits in the river during the sampling period not accountable to the a 


Mr. Streeter’ 's discussion of criteria for permissible limits of. pollution of 
_ streams used for sources of water supply, commercial fishing, and industrial 
development is highly practical. — _ However, there is a need for similar practical 


criteria to govern streams used foe recreation, articular! bathin as this 


usage requires much more rigid pollution than : any other. 
Bacterial studies on the Upper | Fox. River i in Illinois, in a used ex- 
tensively for bathing and recreation, revealed that. coli-aerogenes concentrations 
of 10 per 100 ml to 28 700 per 100 ml were present at some of the most popular ee FE. 
bathing places. | The program of restoration of this stream involved the requiree 
ment of “complete treatment, with h bathing- season effluent chlorination, a at 
sources of human sewage pollution so that the foregoing maximum value has — 
been greatly reduced. Nevertheless, there may still be some question regarding _ 
the absolute protection of bathers due to combined sewer overflows and similar — 0, 
sources of intermittent | pollution, evidencing | a need for definite interpretations he 
of bacterial analyses of the waters from this stream. 
.: The following facts must be given consideration in the development of 6, aa 


criteria for permissible pollution limits of streams used for bathing: Bis aba Teoh 

© @ (1) Astream offering recreational wounds by virtue of its proximity to 


le “metropolitan | areas and natural environment will be used for bathing almost — 
th entirely without regard for the actual existing pollution (it is very doubtful _ 


a Policing, of such streams as a public health measure would be practicable); Rash 

1 It is not possible, from a ‘practical standpoint, , to maintain the water, 

we continuously, at natural bathing places, in such condition that it will meet the TS 

on usual requirements for -swimming- -pool waters; and, 

be ~ (3) In addition to the intestinal bacteria hasard, the presence of bacteria 

ont ‘capable of producing skin, ear, eye, and throat infections warrants consideration. a 


__ Appreciating the need for practical interpretations of bacterial concentra-_ iy 
tions i in stream waters used for bathing, the Great Lakes and Upper Mississippi i: a ; 
River Boards of Public Health Engineers have | adopted by resolution, the fol- a as ; 
lowing tabulation, indicating the “Significance ¢ of i the B. Coli Index as a Measure yi 

Tone Rept. on } Pollution of Michigan, | 
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ON ‘STREAM POLLU TION 


or 


inland. streams, free of detri- 


mental sewage pollution, 
tributed to land w ash... 


proximity to fresh sewage pollution __ 
_ Definite evidence of fresh sew age pollu-— 
000 000, or more 


by the 


Ohio River be any 0 one State acting - alone; 
it can result only from co-operative action by all of the fourteen St States that lie 

‘The B. Coli index of the raw water determined at the various water-w orks | 
of intakes along the Ohio River clearly shows that there is is, at times, a very thin 

; line of defense against. outbreaks of water-borne disease . At Ashland, Ky., it 

is noted that during the twelve years, 1926-1938, there nt only a few months 
er during which the average B. Coli index of the raw water was not g greater than 
that which i is considered as the upper limit of pollution | that a water filtration 

ng plant” should be e required to > handle. — During and preceding the outbreak | of 
’ gastro- enteritis, which occurred during the great drought of 1930- 1931, there 
was ‘not the slightest. indication from ‘the bacteriological | analysis’ of “water 

bas supplied to the inhabitants is of several cities in Kentucky that the outbreaks 
resulted from i impure water. Howe ever, it is now believed by many that the 
water supplies were responsible and that the causative agent was some toxin, 

of either chemical or bacteriological origin, which resulted from the excessive 

- pollution by s sewage e and industrial wastes and which was not removed by any 
_ known method of water purification, = si 
ee It is s possible that the acid w vastes, especially in the Pittsburgh area, have 
prevented local nuisances from occurring, but certainly the discharge of acid 


Ww rastes is causing serious economic loss because of damaging effects on steel hulls 
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Fa boats, pipe concrete, other structures, and because « of the increased 

cost of water treatment and destruction of fish life. It is known that the bulk of 
4 : § these acid wastes come from abandoned ¢ coal mines, and it is essential that the a 
ne-sealing program 1 now (1938) in ‘progress in several States | be continued, 
The canalization of the Ohio River, although it is of benefit in some re- 
“spects, has intensified the pollution problem and has increased the difficulty 
of treating the water satisfactorily for domestic and industrial uses. 
Several of the States, acting under the authority granted by a a Joint Resolu- 
tion passed by the Seventy-fourth Congress, have appointed commissioners who 
are now (1938) at work drafting a compact which will lead to 


plans for pollution in the Ohio River basin. 


M. RIDENOUR, 4 Assoc. AM. Soc. E. letter). thoroughly 


has Streeter er covered the mechanics of stream- pollution control surveys 
i IE: that little seemingly remains to be said in this respect. _ To the writer the so 


25 
dearly emphasizes five important facts: (1) That control 


results can be of water- shed areas rather 


research must of necessity play in such stream- pollution surveys; and (5) the “ars 
‘question. as w hen stream- pollution : surveys become ne necessary. ; 
w ater- shed area is evidently the ‘only logical method for or securing 

effective, consistent, and economical solution of stream- -pollution problems. 
= “Bred control of this kind seems to be w without doubt the only fundamental — is 
rks of attack. It is is common experience to all those interested in stream. 
hn pollution to observe cases of over- -treatment an and d under-treatment of sewage 


wastes in the same river basin within comparatively short distances, 


by Federal bodies (4) the important part» both and pure 


ths ; with a attendant economical loss in both cases. $ Such situations have arisen __ 
han 5 not through intent, but ut through a combination of lack of adequate knowledge < 
; of river-purification capacities and long-range planning for the specific water- 
a shed under ec consideration. — Fundamental knowledge of river- “purification char- 
acteristics ‘and capacities is the first requisite of intelligent planning and 
ater must: be obtained through ‘more comprehensive and embracing information 
than can be secured from over-burdened local sections. Treatment can be 
distributed economically only through a a combination on of knowledge of river- 
“purification capacities and long-range planning in waste treatment. 
Streeter’s plan of pollution-survey control meets both these requirements. 
The maintenance of complete technical organizations for each specific 
eR . “drainage area or river basin is also. an integral part of the program. Each coer 
pe basin will | require | the same routine control measures, regardless of the degree ae m 
he of pollution, and will likewise embrace the same basic branches of the science. a a 
ulls x 
— 4 Agst. Prof., Dept. of Water Supplies and Sewage Disposal, Rutgers Univ.; Research r s 
“ees Engr., Dept. of Water and Sewage Research, Agri. Experiment Station, New Brunswick, Pe 
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RIDENOUR ON STREAM POLLUTION Discussions 


The establishment of intra- State or Federal bodies in river’ 


pollution is only question of time. Pollution control can only be limited, 

temporarily, to overburdened parts sofa drainage area, The ultimate direction 
for” most successful accomplishment of the stream pollution ‘survey | control 
outlined by Mr. Streeter : appears to lie in a national policy-making organization 

- and local intra- State or Federal | regulatory bodies applying to each specific 


oe. water-shed area. ‘The problem cannot escape a national scope without simply 
producing a geographical exaggeration of present local conditions. 

& a A phase of the program which the writer feels could be more fully stressed is 
es the important part that research should play in such stream- m-pollution control 


aoe : surveys. — This research can be directed, very profitably, to increasing certain 


fundamental knowledge. of stream-purification agencies and principles, which 
can be only in conjunction programs | the kind 
Wa «Of greater practical ‘significance and of f vital necessity in any st stream- 
ontrol survey is the part that research could ¢ play in determining, mo: more 
the permissible limits for pollution control. interest in this 
pereny of the problem has occupied second place in relation to treatment 


lant devices and efficiencies, with the result that wide divergencies i in stream- 


io) 


- _ pollution criteria now exist under different regulatory bodies. These different 


ae are sufficient to make wide differences i in waste-treatment meaniow 


"areas, and also to minimum dissolved oxygen requirements to prevent nuisance 


pollutional indices water r supplies might also be 


ia of a | water supply may prove inadequate for determining the quality y of the 
water. From the health standpoint increasing concentrations of both in- 
dustrial and domestic wastes in the water supplies open questions as to patho- 
ass logical consequences of increasing quantities of organic and inorganic toxins 
. and their limiting tolerances. This may apply. particularly in cases of the 
more heavily industrialized and populated : sections where, by continuous re-use 
oo of water, the organic and i inorganic salt contents are being continuously built 
up in ‘spite of present. "purification yn methods. for palatableness- of 
as water have also become an important part | of water standards and | promise to 
qty increasingly | so in the future. Taste, odor, and physical appearance 
are receiving almost equal attention to bacterial qualities under present 
standards of most water plants, and future improvement in this non- -patho- 
~ logical direction will depend entirely on the development of facilities, through 
_ Tesearch, to attain these ends. The source of water supply is of equal im- 
portance to the water purification process in securing better. physical 
‘Of further practical value, research may show ways and —_— of improving 
the stream as on | n the fullest utilization of natural 


ream should properly 
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be conceded as an intima unit in the: waste disposal system and as occupying © 


1, 
ry ‘as important a place in the system of waste treatment as any other treatment ; 
plant unit; and as such, it deserves the ‘same at attention toward ‘improving 


_ The same program research can yet play a profitable part in the design = 

oe operation of waste treatment devices to secure more economical methods 4 

of ‘treatment. This i is is particularly tr true with respect t to industrial ws wastes, which 

(economically, at the ] present time) ¢ appear r to offer the largest. unsolved problem a 


waste treatment. There are yet many local “sore spots” within the treat-— 


ment devices themselves and it seems the doubtful part of to fail 
ry consider inefficiencies in waste treatment processes as other than | an integral — “a 


problem i in river pollution control. The ultimate economical solution of 
Ki pollution control will not be realized until the stream, on the one hand, hee m 
_& been made to perform its maximum work as described by accurate pollution — 
“criteria; ; and, on the other hand, when the methods of waste treatment. are 
i A final question which the term, “ stream pollution control,” naturally sug- 
m- sestsis, “When does a a pollution control survey, as outlined, become necessary? 
The ‘Mask evidess ve reason n for control measures is found. naturally” in those 
. Bf cases of grossly over- -polluted streams. a _A second, less evident, reason is found et 
| in the border line case where the conditions are approaching pollutional: 
limits. Probably the least evident reasons are apparent in those eases of 


nal 
, & streams that are still i in satisfactory condition | for: normal water uses, but which — 


| loadings in the future. © From the magnitude of the problems mentioned by Mr. 


Streeter in the case of | the Ohio River and the tremendous simultaneous eco- } 
nomic involved in the case > of cleaning up of 


Wolman “the. intensity of stream is is not nation- wide. It i is con- 
G@atrated largely in five or six of the heavy industrial States,’ are debatable. 
The relativity of intensity varies with 1 opinion a and many people of the Pacific : 
Northwest believe that their pollution. situation is also intense. — _ For example, 
regon certainly i is not ot an i industrial State and is surely not over- dria 
with, slightly m more than a million ; people i in 96 000 sq | miles; but it also has | its 
By: In the industrial States the 1 main pollution problems center around the x use 
of the larger polluted : rivers as sources for a water supply for localized popula- 


the pollution ‘problem i is studied for the harmful 


public health. ‘With ample sources of water supply for 


Senior in Civ. Eng., Oregon State Coll., Ore. 
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_ every city in 1 Oregon, it is sili necessary to use a 


ae Th | ‘The greatest difference in the pollution problem i in one » part of the ‘United E 


States as gies to another is represented i in one’s definition of ‘ “intensity.” an 


Northwest great natural resources, from the viewpoint of those 


interested in sports and recreation, and derives a large income from this asset. 
nate “More | and more people are going there to enjoy the recreational facilities and 
, | the fishing offered by the streams, ‘and as the present ‘pollution situation is” 
harmful to fish life and is damaging one of the region’s best assets, as well as. wa 


e largest tributaries. 


of the Columbia River, it is only that problem i is centered 
‘in this district. This area has been surveyed. several times to determine 
intensity of pollution present at that period v when « conditions are such that they — 


it is only during late Sune, July, August, ‘and early September of average 
2 in. (and this is received in 

light showers), that the situation is critical. ‘During this period the Willamette 
River has a minimum flow and the canneries and most other industries are 
_ Tunning at capacity. : From Salem to Portland, the oxygen content of the river 

*S gradually decreases until, in Portland Harbor, surveys show the water to havea 
zero oxygen content and a bacterial count at a point dangerous to the public 


‘This “critical be considered with its two most harmful 


~ of water is s present i in which the dissolved o oxygen content is ibid thie p point, it 
¥ means suffocation to those fish trying to pass through this zone. This st stretch 


Me 7 water in its present condition will have the similar effect on anadromous fish 


as cutting the bark iheeanied off the t trunk of a tree—the tree soon dies. — ¥ 
R. Scorr,* Assoc. M. “Am. Soc. C. E. (by letter) —The well-w written 


p yer by Mr. Streeter, based on. detailed studies and observations of the 
Ohio River during the 24 yr, 1914-1938, | gives a complete description. of the 
basic data which should be collected and correlated prior to the establishment 


4 “A Sanitary Survey of the Willamette River from Sellwood Bridge to the Columbia 
River,” Bulletin Series, No. 6, April, 1936, Eng. Experiment Station, Oregon — ‘Agri- 


bi ee Pollution in Wisconsin,” " Wisconsin State Board of Health, p p. 249. = 
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SCOTT ON STREAM 
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of standards of purity or requirements designed to prevent over-pollution of 
Bed river system. — Instead of attempting any unnecessary restatement of the 

- subject material in his paper, this discussion is presented solely to emphasize — 
the need for such studies, the desirability of making them before serious 
‘conditions exist, anda general statement of the work now (1938) ‘under a 


industries water in some form i isa necessity. 


steam or as the primary ‘source. of. ‘power, is considered 
e; but when used to carry away wastes, it is regarded as a fortunate 
convenience only—an agent that happens to be present and that is to | be used as 
for the p purpose of carrying this waste material away from back doors. i) Many ne 
municipalities, depending as they do upon i industries for financial ‘support and 
population development, Ww hile at the same time providing them with their 
source ¢ of labor and | personnel, look ‘upon these streams with a view not much 


‘more enlightened. AS a it is ‘not before such streams become 


‘be used ‘again by others | down stream after. extensive and 


but in other cases it is so grossly polluted that its re-use is impracticable. ' 
This loss to the stream is accompanied by the loss of another quality, formerly OBS 
considered of little value, but now v being appreciated for its” potentialities. 
This is the loss, to the area as a W hole, of natural areas affording opportunity 
for” those wholesome » recreational activities which are so n necessary in this 
energetic age for rebuilding or reconditioning the human machine so that it 
‘may be able to continue the increasing tempo of the ‘ ‘tread-mill.””. ” This. idea, 
although i it is s persistently ec coming to ) the | light, is being continually anne by ee 


a be favored by having reels. ‘This: ‘contention is. 


also should have the ability to devise satisfactory ways 
means of ‘disposing of waste products. _ Methods are already available for the he 
disposal of most wastes and are being adopted by many industries. — Others 


continue to discharge raw untreated wastes into running streams with _ a 


excuse that the cost of doing otherwise is : prohibitive. | It is recognized that 
the e cost of known methods for the treatment of wastes from certain industries | ‘ 


is ‘exorbitant, and it is also realized that other industries are so handicapped ae e 
by their locations that the costs of the treatment of their wastes are seat 
high. These industries should be assisted, discouraged by any 


>, 


pollution o¢ occurs sand the discharge of pollutin 
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Discussions 


‘ae oni for the p proper use and conservation of this natural re resource, for. 
—— prevention of its thoughtless destruction, will be far less expensive = 
“much easier of enforcement than the later remedial measures. In the prepara- - 
tion and establishment of these standards and regulations, due regard should 
< given t to the economics of the e problem. © It should be realized that the wd 


- meet certain standards regardless c of cost; on the other hand, t the ni pi 
discharge of raw untreated wastes should not be tolerated. 

eile F or | the proper solution of this problem, much research work will be neces- 
sary; co co-operative studies must be undertaken in which the industries should 
ome be willing to assist. By combined effort and co-operation, new solutions may — 
found. Although industries have made many investigations resulting 

t to themselves by the recovery of formerly wasted, and in 


now possible before speed is made ee an aroused public through 

ee. _ Early in the history of the Tennessee Valley Authority, the need for the 
; ~ collection of these basic data was felt by the Health Departments of the seven 
Valley States. At their request, the Authority has undertaken the 
with the advice of the U. 8. Public Health Service and with the co-operation 
and assistance of the States. - Although the area cannot be considered inten- 
sively industrialized at present, certain areas are highly developed and the 
uncontrolled discharge of wastes is seriously polluting few of the major 
With the of this | area, peculiarly rich i hina a | 


tions unless ‘uniform applying to the entire Valley are 
s effective. This interstate nature of the problem was an added factor which 
Prom pted the States to request the Authority to the studies to 


work was begun in 1936. All the was: 
collected from the various | State Health | Departments. ‘This consisted pre 
marily in the extent of sewers in the various towns in the Valley. No informs 
tion as to the extent or character of industrial wastes, or on the present 
conditions of the streams, was available. It was necessary, therefore, to 
_ obtain and correlate this information before true conditions could be pictured. 
At. present (1938), an approximate list of industries has been — collected; some 
have been studied in detail; and plans for the future contemp! 
tion of a sufficient number of the remainder to complete the necessary data. 
Four sections of the Tennessee River, from which weekly samples w were collected 
from a ‘sufficient number of stations, to define conditions | of pollution and 


These sections: were 
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Knoxville and Tenn., and at and Wilson Dam, 

in Alabama. et . On the ¢ completion of these ' studies, | similar studies: were under- 

taken on the main tributaries, s some by the States, and others (for example, all 

As in other areas where such studies have been conducted i in co- ae 
with industries, it has been necessary to develop mutual confidence before the 

full value of the study can be obtained. _ Although the program has progressed 
somewhat slowly, research problems in co- -operation with one - a industries 

will be undertaken this summer (1938), 

* In the execution of this. work, it is the desire of all concerned to use the a 
resulting information co- -operatively and constructively i in such manner as to 

be compatible with the achievement of the end in view, namely, the control in ry 


of the of wastes: and ‘Sewages to insure a balanced development a 


and that a sufficient, ‘number of areas safe for ‘recreational ‘purposes 1 may 
‘maintained. Although the progress of this program, as indicated by atin 
results, may be somewhat slower than that resulting from more drastic = 

‘it is | expected that its achievements will be more substantial and enduring. Di 
In addition, it is hoped that this project, having an early beginning before 


conditions | develop, ‘and embracing as. it does the entire 
Valley, will demonstrate the value of such ¢ co-operative policies s and — By 
Don E. BLoopcoop, 47 Esa. (by letter). effect of sunlight upon 


‘dissolved oxygen in n the stream is an important factor, often overlooked when 


samples are taken. ‘Samples taken on White River below the City of Indian- 


; apolis, Ind., show that the dissolved oxygen may vary as much as 1.0 = 


from one | aide of the stream to the other, if the one side is shaded and the 
other is in the sun. This effect i is only noted when the river is ina favorable 


‘condition for alge growths. ‘Samples taken at midday 1 may have as much as 
3.0 to 4. 0 ppm of dissolved oxygen \ whereas, at night, it may drop to sero. 


It can be seen that samples taken during the day may not indicate the Pe 
of 


by determining chloride concentration in the: stream. The chlorides 
are not removed by the purification plant pass on into the stream and, because 


they fluctuate from low to high w vith the peak flow. of ‘sewage, they are easily Aa 
traceable in the stream when the ratio, of effluent to river flow, is low. ee aie a 


The « comments by Mr. Streeter on the retardation of by» the 
presence of sewage in a stream are very interesting. In some e work done in a 


1935® the first indications were that ‘the saturation point of sewage — 
oxygen was less than that of water. _ This was disproved later by a further it 
study which showed that the saturation point of sewage was the : same as that ; 

of t water if determined by a ‘a modified Winkler method, in which the demand “a 

for iodine was first satisfied. Whether the rate of re-aeration was | 


“Supt., Dept. of City of Indianapolis, Ind. 
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RELATIVE re FLEXURE PACTORS FOR ANALYZING 
STRUCTURES 


HUTCHINSON, 
A. Fioris, Eso. 7 lette 


continuous and rigid of the flexure factors, 


_ only the influence of the bending moments upon the deformation of the strue- 
ture: is taken into account. The influence of the shearing forces is neglected. 


This i is the usual procedure i in the analysis of continuous structures. _ However, 
eases may arise in practice, in which a knowledge of the influence of the shearing 
- deformation is not only ‘desirable but necessary. This is especially true in 


a In \ the following discussion the the author’ 8 analysis will be mo dified i in such a 8 
"manner as to include or shearing deformation of structures ‘composed of bars 
This is done very easily, be because | all the the necessary « data 


this p purpose a are re already available.” 


‘ anavitey of the moment areas from the ends of the bars, the stiffness factors of 
ee these bars, and the fixed-end m moments. By considering the shearing deforma- 


aed tion of the structure pases distances of the centers of = from the ends of 


—The paper by Ralph W. Stewart, M. Am, - Soe. ¢ E., was published in Janu 
ary, 1938, "Proceedings. - Discussion on this paper has appeared in Proceedings, as follows: 
_ March, 1938, by Messrs. Frederick Shapiro, and Dean F.. Peterson, Jr.; and May, 1938, by 
Messrs. George W. Housner, Homer M. Hadley, John Wilbur, and 
Dipl.-Ing., Los Angeles, Calif. 
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Eq ty = =— I= of A= area; 


and vy = 3.0 for ide and, , approximately, 2.8 bee concrete. = | 
st stiffness in this case are for unyielding supports, 


in isan: @ are the static moments of the moment area of the freely 
supported bar relative to the left and right supports, respectively. — ‘For sym- 
metrical loadings the fixed-end moments in 1 Equations (12) reduce to the ordi 
nary fixed-end moments, found in almost on structural engi 


For a concentrated load, ata distance, from the left and ‘trem the 
right supports, for tiene moments are git es 


lg materials, the s stiffness factors ‘should be multiplied by the modulus a 
of elasticity of the material, everything else remaining the same. aesgr 

In all ‘the foregoing ‘expressions, 2 and are taken from (9). 
By neglecting the last terms of this equation containing » v and Y and showing — as 
the influence of the shearing deformation, the | expressions used by the author z 

The further analysis of the : structure cocbulidias the steps that were so ably — 
outlined by Mr. Stewart. For this Teason a | repetition of ‘this procedure is 


— 
{ 
— 
= 
— 
— 
— 
4 — 
4, 
Ang 2% x 
d 
bed. 
ring 
= 
ha 
pars 
— 
= 
several concentrated loads, unsymmetrically spaced, are acting on 
(9a) bar, the statical moments are found by substituting the values in Equations its ie eS 
Janv- 
38, by 
Floris, § 


ALL ON FLEXURE PACTORS RS FOR CONTINUOUS 


. to its theoretical interest, has ‘an intrinsic practical value. = Dispensing 
ae: with the inconvenient simultaneous equations and by the aid of few physical 
goncepts : and ‘pure relationships, the author succeeds in 


4 In certain cases, the is almost 

D. B. Hat,” ) Assoc. M. Am. Soc. C. E. (by letter). s¢_Tn this paper the 
‘author further demonstrates, by new applications, the westalnen of his con- 
ception of the elastic curve as a traverse? + The first. requisite in applying the 
methods of this paper, or in developing and _applyi ing still different methods, | 
4 is a thorough grasp of this principle. — The property of the traverse used in 
the paper (w hich makes it at once so simple and yet effective for solving ci con 
structures, and which has been extensively used but not explicitly 
stated by the a attest), is this: In a traverse such as Fig. 18, Angles « a and d 
. measure the rotations a at the ends of the > member; and , Angles 6 b and ¢ measure 
the moments at the ends of the member. ‘Thus, the simple geometrical re rela- 
< _ tionship —. these four angles fully defines the elastic properties | of the 
Th author has mentioned the fact 
that many complicated structures may 

be analyzed by considering only the 

members i in the vicinity of any particular 


point, but has devoted his p paper 


approximate solutions may be the more important. 

ald Consider the closed box in Fig. 5. . End B, of Member BC, is given a 
rotation of 1, regarding it it as the free end of a four-span structure, and then the 


traverse i is traced all the w way around to Point Bin Member AB, the rotation | 
- at that point | will be 142, and the moment, i. x 246. Although a theoretical 
org of the : structure should take into account the net rotation of Member 


rotation nat Point B i in ‘Member BA, is 
It may be of acad 


the true elative stiffness are 246 an , since the rote- 


tion of one member with i eeiiak to the other is 1 less than its ll rotation. 

= ‘Using one as span each way (that is, | going around clockwise from C to B, or 


counter-cl -clockwise from A to B A, and Member 


Detailer, Ash-Howard-Needles & Tammen, New York, N. ¥ 
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_ Thus, although a theoretically exact solution for the closed box required quite» 
a little ingenuity, a practically exact solution presents no special ‘difficulty. er Ae 


Ww. Hurcuinson, a Assoc. M. Am. Soc. C. (by letter). 

‘relative flexure method of analyzing continuous structures presents a pre i ; 
solution of these structures which may be applied efficiently to continuous-span 


Since haunched and tapered | beams are in continuous 


‘The lack of such charts. prepared tor ‘the relative flexure 
need not discourage the use of the method as a tool because, by simple inter- 


relations, the p position of the points of inflection and the stiffness factors of 


charts i in common use for ‘obtaining the properties of these. beams, which are 
used in connection with the method of end-moment distribution. i ues er 
Wh hen a moment is applied to one end of a beam which is hinged at the S 

other end, the ratio of the rotation at the opposite ends of the beam is the E 

carry-over factor, Furthermore, ——— = —— which 


the sum of the rotations of the two ends of the beam and is equal 
‘(1+ y) in which 67 is the : rotation at the applied moment. Av 2 


Inversely, the stiffness for flexure, K F = —— in 


a is the stiffness of a free-ended 
beam as used in end- moment 

mg 


tribution. Furthermore, for sym- 
metrical the stiffness, KF / 
=K(1— y), in which K is the stiff- 


ness of the fixed beam as usedinend- _ 


moment distribution. or 


factors: and the points of 


in 
1932, the properties of the hhaunched beams author's illustrated 


Bie can Brom charts y = 0.71; 
KC = 6.2. The point of inflection is at r= O.711 = 0.4151, which checks: 


Associate Engr., Bridge Dept., State Div. of Highways, Sacramento, a 
Received by the Secretary May 2, 1938. 
ineering, October, 1932, p. 
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of n by The stiffne: s factor, K F 

3.62 actual stifines is .765 or, by t 

ative A = (1.308 M, which checks the value of 1.292 M 


‘The telative flexure method i is. most efficient when to a series of 
continuous spans on flexible p piers which are subject” to moving loads. For. 
analyzing a a structure of this type the method appears to faster than any 

other. For ‘continuous “spans on stiff piers it. requires the introduction of 

3 _ another | flexure sy stem, that of the pier, and thus | becomes inferior to the end- 
“ = moment distribution method which gives moments in the | piers from the beam 
moments without additional effort. or complications. ‘Hinged | beams can also 
be solved readily by end-moment distribution with no more effort than that 

as required for a solid beam whereas the solution by the relative flexure method 

oe he case of continuous : spans « on flexible piers appears to the writer to be 
the only one in which the relative flexure method has any advantages over the 
common methods of solution. It is the writer’s- opinion that only those 


puters who frequently handle pe of f structure st should attempt 


can best solve it fie | one of the methods with which they are already familiar. 


ae ARTHUR B. McGzr,* Esq. (by letter). sa__The analysis of partial fixture, in 
this paper, is very brief. Partial fixture of a member with variable moment of 


inertia, and treatment of a moment ‘the frame at a point of partial 


areas the angle of rotation of ‘the partially fixed end. Fig. 20(a) shows 
a “traverse | of the elastic curve’ ’ of a member with variable acne of inertia, 


eee: 33 Structural Engr. in Bridge and Structural Design Div., Bureau of Eng., cial al in 
eles, Los Angeles, Calif. : ; 
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9 hinged at the lower Fig. 20(b) shows a traverse of the same member \ 
71 the lower end partially restrained. The terms, u and », are identical with those 
“same terms in the tables by Walter Ruppel, Assoc. M. Am. Soe. Cc. 
the fixture factor, as used herein, is defined 

of 
For rotation of the restrained end (see Fig. Sooke When the end is er Ou vals 
any gandr = 0. When the end is fixed, @ »=0 ond The fixity thus varies 
of @ from 0 (hinged) to 1 (fixed); 75% fixture 1 means that r = 0.75 and the are 
nd- fixed end rotates vane one- -fourth the angle of a hinged condition. a = 
am 

Bears 
Equation (16) is the general formula of ‘the relation between the angles, 


and A,,. A member with a uniform moment of inertia has values of u and 


a 


which i is the same ‘formula as that given in ‘Mr. Stewart's paper. When 


moment; is s applied at a partially | fixed end, a part of of the moment is taken nee _ 
directly by the support and may be treated as a fixed-end moment not affecting — | 3 


any of other joint in the frame. The part of the moment that i is not taken by the 


1 deal support goes back into the frame. It is not necessary to make a traverse 
shows & starting from the point of partial fixture to distribute this moment. i Merely tae 


‘transfer this moment to the far end of the member by multiplying it it by a 


4 
* 
aS 
x 
= 
4 
of Los 


| 


hats _ moment at the far end, depending on whether there is an odd number or an even 
number of points « of inflection between the ends. 

es The problem s! shown in Fig. 21(a) will now be worked i in d detail. ‘Fig. 216 ), 
ae * (c), (d), (e), shows s the proper ties of the > members. y Each A equals the area of an 


= 


= OSMI, 

A= 


ap 
25% Fixed 


D 
20 


El 
Relative = 0.171 


Fig. 22(a) apply an unknown moment at Joint B as shown by the the arrow. ‘Ro. ok 
a) tate Joint B and start — the traverse from that point, ‘progressing both @ Fig. 


The lines of the are tangent to 
te elastic curve at the joints, but the middle section on each side is not tangent | 4 
ae _ to the elastic curve. ‘= ‘The numbers in parentheses ar are moments; the other nun- | 


; bers” are angles; and, ratios of A- -angles to moments are given in Fig. 21(b), 
Solving Equation (16) gives = 691 Au Now, start at Point. D letting 
6., the angle of rotation, equal 1.691 and the next angle, Then, 1 0.292 

(3. 691 xX 1+ 1X (0.427 + 0. 0. 427 x = §.717; 

os 717 — ~~ Bi 691 = 3. 026; ‘5. 717 + 0.171 = (33.433) ; 33.433 X 0.4 = 13.373; 
«18. 373 > as 1 4 3.026 > X2= 19. 425; 19. 425 4 13. 373 + 3.026 = > 35. 824; 35. 824 
ee) 0. 4 = (89. 56) ; ; 19. 425 X 2= 38.85; - 38.85 +1 5 = (25. 90); 19.425 + 1.594! 
(12.95); and, 25.90 + 89. 56 = (115. 
‘The traverse in Fig. 22(b) i is drawn in similar manner. assigning 


angle values at End A and progress to. Corner C whose angle of rotation is 
ee found to be 2.533. i as angles from Point C to Point D must be proportions! y 

to those in Fig. 22(a) since ce = 1, se gp as before. the angles W ill be | 18.97 
times the va values in Fig. 22(a) End 
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| re e found in a discussion by Fang-Yin Tsai, 
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FOR con? 


Fig. 23(a) shows the deflected wit 

both legs fixed at the bottom. ' The deflection, 6, is the in each leg 


= 296, which is over to Bnd 


the frame in Fig. 23(b). 


moment at J is distributed by using 757% 15.46 ° of moment 


Fig. 22(a) dis moment at Joint C is distributed by ‘USINE 38 165 
values in Fig. 2260). Signs Signs of the moments a readily seen en by refer- 


| 

At C Relative A = 0.171M 
Relative L 5 M Therefore Relative M= 1827. 


At D Relative A=0.292M 
Therefore Relative M- 667 Therefore Relative M = 530 


ting to the arrows on the traverses, ishiiiien: being positive. 2 The arrows are 


tlways placed so that tl they t tend to > straighten | the elastic curves. Shears in the 


legs of Fig. 23(b) now ; show the moments to be due to a horizontal force “Se aa 

18 af . Therefore, multiply all moments by =~ and find the moment at 


End 3 822; Joint B = 3 994; Joint Cc: 9 934; and End D = 4855. 
= preference, the writer has been using the Stewart traverse metho 


| 25 X 530 = 132.5,0.75 X 
las , and, 905 — 296 = 609, the 
— 
each 
| — 
— 
tion 1s 
rtional — 
will b 
will be — 


iscussions 
W. Lane,* Jun. Am e of relative 


25000 In 


“thine 


106.1 Kips 


S. 


ent 
52 


. 
14.38) 


ya 


23.8 
=265.0 
= 61.5 


ith moving and systems. Combining | 
bending moments by superimposing influence diagrams aids in visualizing the - 
elastic behavior of a structure. Moreover, the process is quite time-saving. 
the Secretary May 16, 1938. 


ot 


us stru is a ge rticularly v 
is of conti eory. cs that Is. 


The s ‘method somewhat parallels the in the ‘slope deflection 


method in that the process is indirect. Of Angles: are found first, and then sub- 
stituted i in the original equations to obtain the desired moments. - Similarly, the vi, ae. 
author borrows from moment distribution in his procedure of correcting for Ais “e 
i - side- -sway. Trial moments are found first, to which corrections are added to 


In solving for. moments under : a fixed condition of loading, the 
"prefers the method known as traversing the elastic diagram that was published 
by the author in 1934.7” _ The method of relative flexure factors 1 is an outgrow! th Ba f 
and adaptation from the previous paper. is believed that the evolution of 
“the new method will will be of interest. a ‘means of widening the Scope of ithe 
author’ present work, an example. has been chosen to show the solution 
moments | in a frame with s sloping members (see. Fig. 
<= oe solution by the original method requires eight equations, the first of 


traverses the elastic — 


in which, Ay = 0. 00307 radians, (18) is 


quently used in elastic energ theory. next two equations are statements 
5) = 10 000 \ 
and, Mes Men; 0 
= 0.000194 + 2.26 Ay. 
The vertical deflection of | Point A relative to Point C is zero: ve): 


_32 262 A Ai 16 A: — 103 Ai+ 8 = 
izontal deflection of Point A. relative to Point D is Silat zero: nal 
— 134 A, - 222 As+ 244 A, — 253 As - - 182 Ay +94 As 


Now, to obtain the sixth three member equilibrium I 


A;) + 0.0485 H +4 850 =0.. 


"Slide: rule values giv V 25. 9 kips; and, Moc 


Analysis of Structures by Traversing the Elastic Ralph W. 
_ Stewart, M. Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. 101 (1936), p..105. 
% Dlastic Energy Theory y ek, Am. Soe. Cc. BE. 

Equation III 
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flexure factors the moment coefficients, as shown in Figs, 
24(b), , 24(c), a and 24(d), are obtained. © These are relative moments, immediately 


adaptable and easily checked for any sy: system of loading. The 
corrected f for side-sway, are shown i in Fig. 24(e). By the foregoing procedure, 


Equations (18), (19a), and (19d) have been eliminated and the problem simpli- 
fied. The true at the end each will consist of the uncor- 


: x at Point B; Y at Point C; and, Z at Point D. ‘Then, the solution of the 
five equations will furnish the results. (19), 


(20g) 


The f fifth formula i isa istiniti t equating the: vertical deflection of Point re when 


Te leased to the » opposite. deflection caused by the redundant reaction: © a 
1.872 + 0.00484 X + 0.00278 Y 0.00133 Z= 

This is a means of correcting for side-sway in any frame. 


ce is worth while to note that the elastic energy theory —s furnishes" 
the most simple e and direct solution type of problem. When used with 


212 — 0. 385 00103 — 2.19 = 0... 
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| SYMPOSIUM 


‘By MEssRs. H. K. BARROWS, 
S. MARTIN, AND BERT HIRASHIMA 


& @ BARROWS, Soc. C. E. (by letter).” 770__The p papers by Messrs. 


Riggs an and Wilgus contain muck that is of interest. various public works 


projects, including Fort Peck, Bonneville, Grand Coulee, and 


es 


AS has been . emphasized, it is the orn and duty of Congress acai that 
proper use is made of Federal funds. In these the situ- 
work. 


2 


wes 
‘all, a are obviously not & proper | clase of ‘undertaking : for relief work. 
4 The - authors of the Symposium p papers have brought the situation to the 


may express to. their Congressmen their ‘disapproval of such. unworthy and 
“undesirable projects . This work of education must begin at home, and en- : 


_sineers, who understand what these projects are and mean, have an individual 
duty in acquainting the layman with the facts, so that such unwise ‘projects: 
may be avoided if possible i in the future. As ev Riggs, in closing, states: 
“They will fail in their duty if they keep silence.” 


Notge.—This Symposium was presented at the meeting of the Engineering- Economics 

and Finance Division, Boston, Mass., October 7, 19387, and published in February, 1938, 

_ Proceedings. - Diseussion on this Symposium has appeared in Proceedings, as follows: _ 
March, 1938, by J. K. Finch, M. Am. Soc. C. E.; and May, 1938, by Messrs. Elliott J. Dent. 
—(. Frank Allen, Bradley G. Seitz, Alfred Allen Stuart, Pierce P. Furber, R. F. Bessey, — Ba 


Boston, Mass. 


It is s the who should the situation, so so that. the | people 
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Harry | A. M. Am. Soc. C. E. (by letter). —In his paper in 


this ‘Mr. ‘Mead has given a brief analysis of several Government 


“some discussion of this subject seems desirable. 
‘The highest standard of ethical conduct should actuate > all en: engineers in 

tea Government service, and to the extent that i it does : not such 1 engineers are not 
true to their profession. It is not enough that an engineer render § a high 
quality of technical service, but he also has a responsibility to the public for 
rendering the same kind of service that a consulting engineer would render to a 

bi: private client in determining t the economic feasibility of the project entrusted 

-— to his care. An engineer entering the service of the TVA would be confronted 

by a situation which might be compared to the relationship between a client 

ey and his engineer. In the following theoretical conversation, the United 
— Be States Government has been personified to represent the client, who i is eg 

. “Many years ago, spurred on by the necessity for the manufacture | of 
munitions during the great war, I made an investment in a hydro-electric 
development at Muscle Shoals which has been a financial failure. In the first 
place, the actual sum of money expended in the construction of this project 
was much greater than it should have been, due to many factors, including the 
# ~ abnormally high price levels obtaining during the initial construction period 
and due to the prolonged and interrupted construction period. In accordance 
_ with the direction”® of the Congress, the Tennessee Valley Authority submitted 
a valuation of Wilson Dam of $31 300 000 which was approved by the Presi- 
dent on May 6, 1937. In the second place, due to the fact that this is an 
solated plant and that there are no facilities for marketing the power, the 
ncome has been insignificant, represented only by sales to a single public 
utility company at a figure of 2 mills per kw-hr, which was the best I could do 
in such a monopoly market. The amounts of power thus sold were entirely 
Ae at the discretion of the buyer, and only about one-fourth of the possible output 
was actually disposed of. I did receive several offers for the purchase of this 
; “T believe that the only way to save any considerable part of this investment 
is to develop further “the resources of the Tennessee River. Congress has 

o already recognized the potential value of the Tennessee River as an inland 
_ waterway by approving a plan for providing a 9-ft navigable channel from 
Knoxville to the mouth of the river, a distance of 650 miles. Wilson Dam 
forms an integral part of this plan. — The ‘Tennessee River and its tributaries 
have a considerable flow at time of flood, and it is desirable to provide flood- 
control projects on this river to assist in protection against floods, both locally 
on the Tennessee River and on the Lower Mississippi River. I believe that it 
is Amine to develop a series of she bit on this river system which will provide 


Received | by the "Secretary April 15, 1938. 


TVA of 1933, Section 


— 
— 
— 
— 
— the 
— 
eae 
— 
heading ‘‘Government Interference as a Permanent Policy: Responsibility 
the Engineering Profession’’) that he has nothing to criticize with regard Wh 
_ = = engineering features of the TVA, but gives the principle that ‘ sound engi- P= 
neering cannot make an uneconomical project an economic success.” The 
Poe. ss writer is entirely in accord with this principle, but he is so at variance with be « 
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the waterway desired by | Congress, together with a degree of 
flood control, and at the same time develop considerable of the potential water Pat 
power of the stream. In an integrated system of dams, the surplus power = 
each lower river project is increased by the released storage from plants above. 
If this water power can be converted into electricity and sold, the income from > 
such sales will go far toward returning the cost of the entire development. 21 ae 
“The Army Engineers have already constructed the lock for a dam at 
Vv heeler, the next location above the 1 existing Wilson plant, so that the naviga- _ 
“tion program is already under way. Now is a most favorable time for public | 
works construction; Government credit is at its peak, and long-term money can 
be obtained at very low interest rates. There is a distinct advantage in con- 
structing public works during times such as these when there is considerable — 
Beane. . Such a development will not only effect an immediate im- 
provement of economic conditions in a large section of the country but will 7 


‘result in permanent additions to the nation’s wealth. In addition to these 
considerations, we will have in this project a welcome experiment in integrated _ 
control of an entire water-shed, involving conservation of natural resources, 
broad scale regional planning, ‘and an opportunity t demonstrate the - 


ly wlidity of the Authority’s projects. For example, that part of the work which 
is is justified for flood control and navigation could be considered as non- income _ 
producing public works; or the entire project could be considered as ‘semi- 
revenue producing public works, and allocation of costs made to the 2 different a 
benefits. rf However, in n order 1 not to ) confuse the issue as to the economic — 
justification of the Authority’ 8 projects by entering into a ) a controversy regarding — 
“yardsticks”’ and ‘ ‘allocations,” it seems desirable to make an analysis similar * . 
to that made by Mr. Mead to determine how much. of the total investment om 
be liquidated by the sale of ‘surplus power. ~The following study is such an > 
analysis of the economic feasibility of the project, based on conservative esti- — 
mates of revenues from the sale of hydro- electric power, and actual project _ ra 
estimates which | are fairly 
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e developed when dams (1938) ‘construction will be 


finished, whieh will be by 1, 1942, rather than on the 11-dam 
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Discussions 

the other hand, Congressional has ‘been fully y obtained and 
a estimates of cost and power can be much more accurately determined. 7 
estimated cost of these s seven i is shown in Table 8. 
a __ Except for the Wilson Dam (see Item No . 1, Table 8),1 which i is a is a valuation 
“determined by Congress, these estimates are carefully prepared and contain 
< s conservative sums for construction contingencies. ' Two of the projects, Nc orris 
and WwW heeler, were finished slightly under these estimates in 1936 and in none 
Me = them i is there any question of returning to to Congress for additional funds to 
make t up ) deficits, even in the face of increased labor and material costs. —— 
‘The actual sums spent for transmission lines and sub-stations through the 


ar 


r 


hae been ‘added for additional investment up t up to 1, 1942, 
Saas which i is ‘approximately proportionate to the existing rate of expenditure : onl 
wh hich, it is felt, under existing conditions, is adequate to provide a transmission 


oy _ system capable of ‘disposing | of the entire power output that will be available as 


“When the estimated cost of teanemiasion facilities i is ) added to that of the 


based on the 

ween system being constructed. This system is the most desirable from the 
“ ianiagaiaa of a multi-purpose development, but it is not the most desirable 


+, 


a“ from the standpoint of hydro-electric power alone. © If the ' TVA had planned 


_ its projects for p power as a ‘single purpose and for the maximum dollar net 


es rc ea The fixed 1 charges constitute | by far the e largest portion of the total annual 
7 cost of such projects, and these charges would reasonably be computed on the 
basis of average interest paid by the Government on long-term bonds. 
tee a long period of years the average interest rate on borrowings by the 
Bs Federal ‘Government has been less than 3%, and in the period from 1933 to 
1938 Government interest rates have been at an especially low level. ‘The 
- Federal Power Commission has determined the weighted average rate on all 
ad borrowings of the ‘United States Government from November 3: 1933, to 
December 31, 1937, to be 1.54271%; but it would be difficult to justify 2 so low 
rate of interest measuring the feasibility of the TVA program. 


Bonds” that are sold to the general p public are to > yield al 
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interest rate of 2.9% over a long period of years, and it appears to the esis 


“at 


_ that this constitutes a fair basis for amortizing the project. She ae 
‘The life expectancy of the various classes of property included in this 
f project varies widely, ranging fi from less than 20 yr in the case of certain parts of ‘ 
the transmission system to an indefinite life in the case of reservoir lands. 
Giving consideration 1 to the portion of the total investment ‘represented by 
“reservoir lands and long-life concrete structures (which will be more than one- 
half t the total cost of the project) it is felt that a service e life of : as much as 75 © 
80 yr is not an unreasonable expectancy. However, in order to adopt 
conservative value for the purpose of the present ¢ discussion, a 50-yr over-all 
‘expectancy has been used. Based on a 50-yr life and an interest rate of 2. 0% 
the sinking-fund method of calculating annual depreciation charges results in -— 
depreciation rate of 0.9%, or a total amortization rate of 3.8 per cent. Tie 
plying this to the total investment previously obtained, of $273 722 622, results — 
in an annual ¢ cost for fixed expense of $10 401 450. 
2% order to determine the income from the sale of hydro-electric power, the 
best estimates available are those contained i in the report given to Congress,® 1 on. 
in which it is estimated that the demand for firm pow er in the: year 1942 will be 
— 480 000 kw, and for secondary power, 98000 kw. T ‘he installed peta 
capacity in that year in the seven dams under consideration will be more than — 
Bre to provide for a total demand of this’ magnitude. A aoe. 3 
estimate of the energy sold with this demand w ould be about 2 600 000 000 
kw-hr of primary and 650 000 000 kw-hr of ‘secondary . Analy sis of ‘the 
capability of these seven projects shows that there is energy in 1 excess of the 
om 3 total of the foregoing amounts after. allowing for leakage, evaporation, utiliza- of 
} tion, and transmission losses, as well as efficiency | losses 1 in the structures and 


‘equipment. . It should | that, , were these ‘projects to be operated for 
inte power only, instead of primarily i in the interest | of flood control and navigation, ma: 
“es the potential available energy in ‘in these seven n plants: would be considerably 
a | In estimating the annual revenue from the sale of surplus 
a the Authority’s standard w holesale rate schedule may be used for firm power. 
ich Mr. Mead has quoted this schedule > correctly w with one exception. The schedule — 
a) ‘Pividen | for a monthly reduction for energy y used in excess of 360 times the 
ol _ demand d of 0.5 m mill per kw- -hr from the otherwise applicable rate for uch 
the excess : The average e rate under this schedule, estimated on a basis of weighted — 


re averages | of the ie different si sizes. and types of load from existing customers, would ae 
the. be at least 4 ‘mills 1 per kw-hr, , of which about one-half is minaret by the Sor: 
demand charge and one-half by the e energy charge. 


to 
The average rate for secondary p as determined from Authority’ = 
“all existing contracts, is somewhat in excess of 2 mills per kw-hr. total 
to “operating rev revenue based o on n the sale of 2 600 000 of primary « energy at 

low 

ia 


z , of the gross revenue received from the sale of power genera’ 
their borders. - This payment in 1942 would amount to $585 000. 
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“Independent Offices Appropriation Bill for 1939, 75th Congress, 2d Session, p. 1000. 
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and transmission of cost ‘of operating the locks, and 

expenses: in connection with operating the reservoirs for flood control. The 

_ operation of the locks will be in the hands of the e Army Engineers, and the 
estimate as to the cost of this operation is based on their experience. . For the 
purpose of ond desirable a comparison on 


(2) 1 using ¢ all ‘the cost of operating the entire system. 
Philip Sporn has given a table of operating costs of hydro- electric 
eats _ plants, in which he shows that for plants of 50 000 to 100 0 000 k kw of installed 
~ Satie the operating ; costs vary from a high of $1.50 to a low of 60 cents per 
kw, or a median of 75 cents, w whereas, for larger plants the median is still lower. ye 


mes) bis It is estimated that an average of 85 cents per kw would be a fair value. To 


. this should be added the cost of operating the transmission system, and also an 

——allowa ance for or the cost of malaria control on the reservoirs (which, on account of 

the rather ‘complete control that the Authority i is instituting, will be a fairly 

cee . = proportional sum). _ Adding these estimates, a value of $3.00 per kw of 

‘s installed capacity | appears to be. conservative and reasonable, and this sum has" 

been used in in setting up the following tabulated estimate of revenue 

expenses, | as of January 1, 1942 (the estimates for additional expense for. 

operating the system f for navigation and flood control, including of the 

Primary— —2 600 000 000 kw-hr at $0. 004 = $10 400 000 


0. 002 1 300 000 


700 000 


585.000 


f Cention Hydro-Electric Facilities: 


697 000 kw kw at $3.00 per kw. 


aS 


Ace. 


Net revenue from pone sales es alone... 


‘ This tabulation shows | that, based on operation of the power 1 system alone, 


be the net revenue e would be $9 024 000, , whereas bi based on the sates — of 
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against fixed ‘costs, the revenue from. the sale of power is 87% of 
~ the total fixed cost of $10 401 500 i in the first instance, and even when all costs a, a ; 
_for operation for navigation and flood control are. considered, the revenue is 
78% of the total fixed cost. ae 

_ Reverting now to interest during construction, there are considerations that _ 


prey ‘this project unusual in this regard. For instance, the actual” interest 


rates during the construction period have been extremely low and not much 
c more than one-half the long-time average interest rate assumed, of 2.9%, so that ae a 

d the i interest during construction will be a relatively small percentage of the total . < 
ct annual interest after the project is completed. AS each dam is completed, it ee 

7 contributes to the power : available f for sale in an . amount greater than necessary 
0 


to carry its own interest, with a a surplus to contribute to the interest on uncom- Be 
no pleted « dams. . Thei income from the plants as they are completed prior | to 1942 has 
fo S will so closely ‘meet the total expense that it is certainly fair to assume that Tie 
7. will approximately offset the interest during construction; so that neither the 
af factors of income nor interest during construction need be considered in this 
stated the actual cost of capital to the Federal Government 
or during the construction period of the TVA projects is not as high as 2.9% and, | 
ae ‘i fact, may be considered as low as 1.55 per cent. Accordingly, it would seem — 
; asafe that the TVA will liquidate practically all the Government’s 
3 investment in the project during the life time of the physical structures through 
‘the sale of its surplus hydro-electric power. 


& _ This is a far different “picture” from that presented by Mr. Mead and mn 


i% justifies the faith of the Engineering Staff of the — in the economic ; 


4 itm might not be amiss to o discuss the benefits ninaiuetiamaal and flood 
protection, intangible though they may be. The opinion expressed by Mr. 
3 Morgan,!* that the project is worth all it will cost for navigation and it 


protection a lone, is shared by many engineers; and although it is impossible to _ es 
Bi analyze this benefit in the same way that the benefit from the sale of hydro- ey ing 
a electric p power can be analyzed, it is scarcely ‘ ‘so extreme that it seems useless to eS 

00 discuss it” (see heading, ‘ “Government: Interference as a Permanent Policy: 
“we es The Miami District of Ohio was designed and built for local pro- 


a ewes project of the TVA ~ nen: is especially valuable for this latter 5 
00 purpose. The U.S. Engineer Corps has allocated® to the Tennessee Basin a Of 
— total flood storage of 10 589 100 acre-ft, of which the Gilbertsville Reservoir — 


000 will | provide 4 600 000 acre-ft with a possible addition of 1 450 000 acre-ft for or ‘ 
‘extreme floo ods. The storage of this reservoir will reduce the discharge at Cairo oo 

"a by from 184 000 to 220 000 cu ft per sec, and Gen. J. L. Schley, U. S. Corps of 4% 
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GALLOWAY ON PUBLIC WORKS Discussions 
G4 


., hast reported that 1 this reservoir will reduce tages 


to lands and improvements in the upper parts of the 
wha Mississippi River Basin has been estimated by Carl A. Bock ,85 M. Am. Soc. C. E.. A. 
< ay = tobe approximately $90 000 000. . The estimate of $100 000 000 benefit for 


flood control of the entire TVA System, ‘as made by Mr. ‘Morgan,}* would s 


benefits from navigation are also” o intangible, but but there is reason 


- believe that these benefits may be more than double the amount that Mr. Mead 
has estimated as justifying the of about $90 000 000. 
Canoe From the foregoing analysis it is sh 


= 


—- hydro-electric power will liquidate all but 13% of the cost of the total inv 


- ment. — Applying this percentage to a total project cost of $500 000 000 et 
= only $65 000 000 which is only one- half the sum that Mr. Mead | 
estimates for the benefits of navigation ‘and flood control, and a small 


tte ge Whether or not the navigation and flood-control benefits a are as great as as Mr. 
Morgan has stated, and even if they are as as Mr. 


possible to to "the given in th the able | 
Mae of this. Symposium, it is believed that sufficient, information i is included in the 


papers to enable conclusions to be drawn. In the words of Col. Wilgus 


who are by the of United States with the handling of their 


affairs.” However, ‘the question naturally arises, why has such a condition 


come and who is responsible? Many uneconomic projects have been 
undertaken, money by the hundreds of millions of dollars has been expended, 


and economic conditions are as bad a as, or worse than, before. What i is wrong 


with the he program? ‘The writer believes that the underlying causes are inherent 


in the nature of such | and will examine the subject from that stand 

—This theory has a superficial appearance of merit and 

- Mr. Fay has outlined the best aspects of the subject. The fundamental defect 


of such planning lies in the fact that it is impossible. to determine i in advance 
hie the needs of the future will be, or to anticipate the changes that only 4 


few years will bring about. few examples will make this Point clear. 

In the early years of the Nineteenth Century, a system of canals was 

jected and partly built in the Eastern States. a Politics, ‘ ‘log- -rolling,’ > and much 

a dishonesty characterized the work. Then railroads were invented and practi- 


ae cally the entire system of canals was abandoned. _ The canals were a mm 


% Waterways Journal, November 27, 1987. = 


Engineering News-Record, April 7, 1937. 
the Secretary ‘April 18, 1938. 
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loss and the one remaining in use—the ‘Erie—has been an excellent ‘example of 


“the losses resulting from Government in business. what value would have 
been a plan o of canals over the country, when in a few years . the entire nee 
as built was abandoned? — The writer has seen, in Indiana, remains of one of (Lint 
these canals that never even contained water, 

‘See The railroads of the country are another example. © Fifty years ago ond 
wW ere the principal means of transport, and branch lines were built all over the 

‘and. “ _ The automobile was invented and in the past few years one of the jobs 

d the engineers of railroads has been the tearing out of abandoned branch lines. } 

OF all the railroads, the interurban lines, generally operated by electric power, 

furnish. an example o of the type largely rendered obsolete. by the automobile. 

Modern highways f furnish another example of the inability: of engineering 

to last. Due to the rapid development of automobile traffic, roads that 
were built as late as five years ago (1933, say) are now inadequate. An ab oi 
"engineer of the California State Highway Commission recently stated that » an ee 

_ expenditure o of at least $100 000 000 was required to make over roads built i uilt in” : 

ez Examples of this phase of the subject could be cited without number. — 
isa matter of common knowledge among engineers that change is the order t of 

Nature and that what is built to- -day will be found inadequate tomorrow. It ee , 
is the price paid for progress. © When Americans are satisfied with the works — 

that their fathers built, the nation will have neste a state of stagnation that 


Tt will contunded by the advocates of advanced planning that general 
plans" only should be laid out by the planners: of to- day. a The answer to this 
contention is that the men of tomorrow will not follow the plans made to- day. 

In any single piece of work, plans made by one set of men are usually ignored ™ : 

by their ‘successors. . The writer has in mind electric transmission lines in ra ‘3 
California. Lines built under one set of conditions become obsolete by changes i ae 


in voltage hanges: in the location of load center, and various other factors. 

The ‘amalgamation of systems has | altered the entire | program. 2 . As long a : 
continues, the changes that come | about any advance 


that would be of value in an emergency. age 
. The ‘most important factor in t the case of sdinesniels planning i is that the best — Lae 


as plans will not be followed because the decision to ‘say what program shall be se 

| followed i in the assumed emergency does not rest with engineers. Thatdecision _ 

is made by politicians. The United States has been governed in the past by i 

politicians, is now in their hands, and as long as human nature remains as it is,. Ee, 

the country will be governed by politicians. It matters little by what label 

they are designated, they run true to form. The Columbia River Basin i isan 

excellent illustration of this fact. In advanced had been 

on | that large river. 


a } “What was the result of all this a study? te politicians gave i into » the 
hands of the President enormous sums of money to be expended at will an 
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7 
regions they That the | ‘determining in causing the 
adoption of Bonneville and Grand Coulee. ‘All advance | availed 
| 
Electric Power Closely connected with such decisions as “mentioned 
roe is the plan o of the present Administration to place the payee Government in 
a te the business of developing and selling electric energy. — _ Whenever a dam of any 
5 oe - size is projected, it becomes 3 (except i in special cases) an economic ne necessity to 
the energy from the ‘falling water a available for human use. As a rule the: 
a in the form of electricity i is a by- product of the development. _ However, 
n the. cases mentioned in the Symposium and in another project on the Ten- 
‘neesee River, power has become the main objective of the installation. te ‘The 
- President ins stated in no uncertain terms that four p projects in different sections. 
of the country were being built as “‘yardsticks” to determine the cost of power. 
In 1 addition, funds have been, and are being, donated by the National T reasury 
various municipalities for the > purpose of installing municipal plants” that 
drive privately owned plants out of business. At first, the sums advanced 
were 30% of the cost of the works, which sum was later inerenaed to 45 per c cent. 
In addition, the National Government purchased, or will purchase, the securi- 


‘ ties of the municipality. "ee The result is an ‘outright gift « or subsidy offered by 


recently completed or nearing completion. In complete ‘dis. 


regard as to whether r there i is a market for the power, expensive hydro- electric 
installations have been made. This i is ‘especially true i in the Tennessee Vv alley 
where the numerous dams serve practically no purpose except as units ts ina 
ower development. san Some benefit will accrue in flood control but the operation 
of the system will determine the extent to which the reservoirs will be used for 
the latter purpose. . There is an inherent opposition between the requirements 
- for flood control and those of power generation. Flood control demands that 
reservoirs be largely or wholly emptied in anticipation of a possible flood. 
‘Power demands that the reservoirs be kept full so that a maximum fall of the 

— water be obtained. — It may be claimed that flood-control space is left i in the 

pper part of the reservoir, but this a again - emphasizes the fact that p power 

t is t e major element in t the project. 

no deeper seated economic fallacy embedded in the public mind 
than that power costs as developed by private companies are excessively high. 

_ +The corollary follows that in every power development there is an unlimited 
: source of revenue, which will carry the burden | of all the charges on any project, 
1owever lacking in merit it may be. Demagogic newspaper writers, and 
politicians, have “harped” uj upon the subject until the public has been com 
pletely bewildered by their claims. The development of systems of power 

~ generation and distribution either from fuel or r by water, in the past fifty years, 
_ has had an effect upon modern | life in n America ‘second in benefits o only to the 
pare transportation systems. A cheap source of | energy that could be dis- 
tributed i in large o or small quantities to all parts of t the land has been brought 


a na into being by the American genius for invention and for organization. . = 
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power thus placed at tthe of every can be tof 


under the laws of the country. "There are numerous instances where some of 


ing 


the enterprises have been misused, and corporation piled on top of ar gy 
tion, for which the public has been asked to pay. No engineer should a : 


‘such practices and few do. On the other hand, there are many States where 
governmental : supervision | has prevented such practices and where, as in n Cali- : 
fornia, an able commission has worked with the power corporations, to protect 
- B the public and also the corporations. — As a whole, the power corporations _ 
od have acted wisely and have reduced rates in accordance with increased | business — a 
rT. B. As, throughout the country, power systems generally extend over two or 
y “more States, it becomes the function of the National Government to provide — 


the necessary regulation. That is is the proper function of Government. 


od ® the contrary, it is not the function of Government to use its p power in building 
t. _ power plants and by use of F ederal subsidies, drive the private corporation out Ss 
of business. There was no need for any ‘ ‘yardsticks” to determine the cost 


oY BF of electric energy. pit One honest engineer and « one honest: accountant cou 1 


In the Pacific Northwest, Where the Bonneville and Grand Coulee power 

he “developments are situated, the private and public plants already i in existence 

wd have brought about a a per capita | use of electric energy greater than nn : 

the country. The existing systems have been built to supply immediat 

ey needs and are capable of extensions which can supply all the electric energy Oe eM 

now required or that may needed in the future. The Government plants” 

on were unnecessary. ry. There has recently appeared” a statement that at Bonne- 

for ville the Government investment on June 30, 1938, amounted to $53 188 800 ces 
nts and that p power - would be charged with 32. 5% of this sum. When the project 
ei is completed, , the estimated cost will be $74 144 600, of which power will be pee — 


od. charged 57%, or $42 191 175. i - ‘The remainder of the costs (two-thirds in one oF 2 
case and nearly o one- -half in the other) is charged to navigation. is with 
such juggling of costs that the ‘ “yardstick” will determine the costs of power. 
wer It will be noted that the 1934 estimate of $31 250 000 for this project, stated 
Bs by Professor Riggs as $51 000 000 in 1936 (see ‘ ‘Significance of Contingent — 
ind Expense”), has ‘now (1938) grown to an ultimate of $74 144 600. 


igh. He also states (see “Power in the Northwest’) that the Grand ‘Coulee 


ted project now has an estimated cost of $437 000 000. ¥ There will be ond 
irrigate about 1 1 000 000° acres” of land. gh ‘Tr he experience ¥ with the Reclamation 
an 


‘Service. projects, with few exceptions, shows that farmers 3 cannot, : and will not, 
pay the costs ¢ of such projects. They must compete with other lands not sub- oe 
dane 

ject to the handicap of costly irrigation works and, ‘furthermore, there is 3 
_ Widespread opinion that the Government should furnish the land and water 


free, _ The result is that no political management can make them pay. 7s The 


& favorite ‘method has been to write off large sections of the cost of the | project, 
to reduce the interest rates, and to the time of payment to a date far 
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ay" 
in the future. ae California, stasatin eis having debts ranging from 
a ea $15 to $50 per acre have gone insolvent because the farmers could not, or would 
tot pay their taxes. Iti is | idle to expect that farmers under the Grand Coulee 


project will act otherwise, , especially when Government gifts of all kind are 


on the Grand Coulee greiect, ‘the farm lands x may be dismissed from considera 
‘ion. Iti is doubtful whether t the lands could stand the cost of the required 
a canal system. If any revenue is obtained, it will be in the distant future as 
ae the country is relatively undeveloped and now amply supplied w with power. 
-—--* Tendencies of Government. —It is recognized that there is a widespread 
~ - belief throughout the United States in the principles of socialism, the funda- . 
_ eae = of which i is that all means of production s should be owned and 
opera 
_ ship of erat is an evil and Government should extinguish private rights 
APM 
by confiscation. - Since’ the p present Administration came into | power it is the 
_ belief of the writer that a consistent course ha has been pursued by the Adminis- 
tration tending to destroy private p property and private initiative. The most 
Se assault has been made upon the various power companies. s. Some 4 


5 ee tion of the cost to such items as 


“flood porary or r navigation, the power plant costs are reduced far below what 
ey sh ould be. This arrangement, together with outright gifts” to munici- 
polities written off by the the Federal Treasury, may produce | low-cost power, but 
Ps as a measure of the correct costs of electric energy, the so- so- -called ‘ “yardsticks” 
are: designedly incorrect and id without valu value as such. In the event that the 
7 policy of State socialism is made permanent, it would seem advisable to have 
the correct costs of any project d determined, and not have the projects vu under- 


‘taken with the expressed purpose of altering the true son by subsidies, ‘direct 


4 


ge The most glaring examples: of uneconomic Power re among those cited 


n the Symposium, is this case was the 


; nt. Henee, 
& fuel power was canal tidal power plant. 
_ The fact that the location was such that there was practically r no market for 


of money before it fell of its own weight. — 
pes _ In the case of the Wilson Dam and power project, started dming: the 6 Watt 
‘War, there is another of unwise Government planning: execution. | 


work on the dam was still going for forward _ When tl the project was started it 
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that on account of the variable flow of the Tiver, a steam 
ofa capacity about ec equal to the water- power | plant was re required, , and it was 
“built. _ It was was merely another | example of the governmental inaptitude and 
"mismanagement in an emergency. To any one except a politician, it should 
have been apparent that in a time of a great war, to start a dam and hydro- © Ye 
electric power plant that could not be completed, that could not function, and 
that required a steam plant of practically equal capacity, was opposed to all a 
ideas of the right thing to do; yet tens of millions of dollars were poured into ae 
‘the project that 1 was obsolete from the start as a ‘producer of nitrates for tet 
Opposed to the prevailing tendency toward socialism, there is the indi 
_vidualism of the past. _ Under nder whatever term of collectivism it may appear; 
socialism, communism, Government or municipal ownership, the present ten- 
dency is in direct and irreconcilable conflict with the individualism that has 
’ built the nation. — It is admitted that all over the world at the present time, ae 
“the doctrine of collectivism is in the ascendency. _ The moves of the present 


- Administration at Washington are in line with the world tendency. The *~ 


a | glaring examples of the adoption by Government. of unsound, costly, and 
his projects, as set forth in the Symposium, merely express the retro-— 
as gression into which this ‘country is ‘sliding. the past, in spite of obvious 
hat errors, individualism ar and personal liberty have accomplished 1 the ‘greatest good — 
for the human race. Compared to the blundering and hampering action of 


but Government, the contrast is a vivid one; and yet, with the other nations of the _ a 


ks” world, the United States has parted from the system that has made it = oe a 
the = and with the others, is imitating the actions of a certain group of animals of ie 


ave old, which, possessed of devils, rushed down a steep place into the sea. tt The — 

jer country is in danger and, in the words of Professor “+ “ Conclusions’ 

rect “engineers will fail in their duty if they silence.” 


E. 8. 8. Mary, Assoc. M M. Am. Soe. C. (by letter) This Symposia 1 
directed to the economic phase « of the recently enlarged Federal activity i in 


ae public works plainly pertains t to the e exigent character of th this activity, and to 
the competence and propriety of Government in business. he abrupt cessa-_ 


tion of the flow of investment funds into private works followi ing 1930 forced the 


and Government unpreparedly into the breach or, failing that, forced a complete = 


moratorium upon the accumulation of investment funds. Professor Riggs’ 
_ ‘intimation that, as with the Panama Canal, Congress : should have deliberated — 

t for top 

Bef - fo r three y years before taking ac action on the great projects n now under w way, seems, 
to the writer, without force in the circumstances. s certainly a a debatable 
point that Congress, should decide engineering questions. in any circumstances. in 


rorld ti is s for Congress to consider and determine the sum, time, and purpose, b but not 
* generally to consider and determine technical details which its members are not 


ton usually trained to comprehend. A This point is the origin and strength of roe 
p _ The economic aspects of any undertaking mean the trading relation of the 
undertaking to its economic environment. in world is 
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‘To link alone and to presage | how and way 

it will jerk the chain | along is somewhat bizarre. e. The condition of the chain 
demands consideration i in determining the > safety and service of the link. The 
writer is ‘offering some considerations herein which the proponents of this 
Symposium have neglected r regarding the will of the people to use new works or 
even those they have. He } pleads that the authors take entirely too Yo narrowa 
view of the problem. They view public works f from the banker’s and the 


_ investor’ s standpoint; ; whereas the } purpose of ‘this activity i is to use some of the 


to command s service in return—in the of. the street, to a living, 
Professor Riggs again states (see heading, ‘‘Counting the Cost’’), “the same 
ou business principles should control the selection of public construction 
projects which are to render a service that the public must pay for as would 


“a ‘prevail i in the case of a successful private undertaking of the same kind. of ” The } 


riter denies the v very essence of this statement; : public works ‘and public: finance 


it, whereas public works are for service only. private 
investor often— but not always— ~aims to liquidate his investment; but there is 
_ no reason whatever for public works to be self- liquidating and there i is no need 
for them to be financed by bonds; in fact, it is a crime against the public to do so. 
The Government is the one economic entity that has complete control of its 
income; it can balance its ts budget without injury to any one in war or peace. 
About 1503 yr yr ago, pioneers rs migrated from the Atlantic Coast into the wilderness 
et Western New York a and settled and developed that district. _ They d did not 


a pros pectus to. show | (an a that the roads ‘and works they built 


in n modern finanee, i is not healthy. Mr. Ford has pains that 
ie ~ that did not happen to him; the same is true of thousands of other firms and of 
je much of agriculture. : From the ethical standpoint public works, by and for the 
. public, should be free from private investors; that i is, it should be paid for when 
built. ‘The investor’s field is private | enterprise attended with risk, where 
invention | and enterprise are ila ‘Suited Government 
red In so far as this Symposium contributes to prevent waste of labor and 
slide on developments that would be of no service, or of but little service, 
ou to Man, ‘it is constructive and meritorious. — _ One must bear in mind that with 
4 private enterprise as well as with Government managed enterprise the public 
_ provides the labor and materials and the money, too, , through its patronage. 
- Money i is never consumed or wasted or saved or made. It is only the catalytic 
- agent of trade; so that misapplication of effort is equally a public loss i in either 
type ¢ of enterprise; in fact, the only difference between public and private enter- 
prise is the question of who provides. the ‘management and gets the income, 
any. When Government management excels private r management in vision, 
efficiency, and integrity, | it will not take long to displace it. It is 


— — Government enterprise is rapidly displacing P ivate enterprise 
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June, | 1938 ON ‘PUBLIC 


‘quite generally the of the. demoralisation 


y 
in “of private enterprise—more precisely, private investment. Professor Mead’s q 
ne reference to Canadian . “fiascos” is not a happy one for his contention. 
is dian t trials at public > management are uniformly outstanding successes ; it is ; 4 
or rather § some private promotions in Canada, as in the United States, that are not a: 
so aromatic. Although the Canadian Pacific Railway was capably managed, 
he the constituent private railways now forming the Canadian National Railway act — 
he ff were in such bad physical and financial condition in 1915 as to threaten the es 
by solvency of Canadian banks and, possibly, the nation. — Canada assumed and be 
ig. cartes this indebtedness (which continues grow but the e railway manage- 
ne | ment is i is remarkably improved and compares with the best of American railroads. — 
on ‘The same is true of the Toronto Transportation Commission and the provincial | a 

ld “ephone systems in n the West. The Ontario: Hydro-Electric Commission 
‘he outdoes, by a wide 1 margin, the accomplishments of private systems of the os 7 

ee i nited States. The writer has resided i in Toronto for eighteen years following me 

ate J eight in New York, N. Y., and can warn his fellow members in “The States” not Me = 

by & to refer to Canada to support an aversion to public ownership. ' The 8 cents to aa 

ate 10 cents per kw-hr that he paid in New York for domestic current as against the — ae cae, 

is 1 to 1.5 cents i in Toronto indicates the extent to which the consumer serves the a 

eed @ investor in New York instead of the investor serving the consun 

80. 

its 

vce. is that n no private enterprise could undertake in order to ‘make 

money” ; nor could it be tolerated in any event; and, likewise the Columbia 
not River projects. It is impossible for one now living to establish beyond question 

uilt the tolerably exact value to Man of this kind of development, which depends for a4 “ae 

ers. its use ‘upon continued development i in many directions. * Such development i is Be i 

rial ® similar to that of the settlement of new domain; it cannot be reduced to a “- i 
hat simple financial ‘statement. From the writer’ s viewpoint, these are very em 
d of promising, brilliant conceptions, as sure as most human undertakings. — Some of oe.’ sia 
the the other projects, like t the Passamaquoddy, do not offer the same promise, at es, a 
hen least, they have not been shown to the writer’s ‘satisfaction to do 80. The oat 
here economist and the engineer n not overlook the inevitable risks always 

rent Attending any enterprise; no one can see the future with perfect vision. Sgt aie 

* Public work has its pitfalls, as does private work. selfish local interest 


bw seeks public expenditures that it may b benefit from it, whether or not the ee oy 


"public does, has its counterpart in the investment broker who markets. securities — 
without conscientious solicitude for their soundness, or which do not represent _ bs eee 
equivalent increase in real material wealth. Mr. G. C. McDonald | has stated® — ¢ : 
that total public debts in Canada increased about $1 800 000 000 during the six 
years, 1932 2 to 1938, with little or no increase of material wealth. ' The purpose 
of m money savings ‘and investment is to | put. and keep people at work creating ak a 
fixed wealth; turning from this duty is exactly what causes s public and private a 


deficits and unemployment. There has been a forced attempt by the Govern- 


ment to discharge this duty i in _— b 
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ON PUBLIC WORKS Discussions 


the people 

do not live more fully these works are not used; and, conversely, if if the nation’s 

capacity for is not employed, it is because its people are not spending 
= their money. How secure, and how promising can any development be as long 


et as the people of several rich nations decide deliberately not to spend (use) their 


ct oak money? Economics was formerly called Political Economy, and so it is. oe 

_K. Berr Hirasuima,” Esq. . (by letter) “~—The papers of f this Symposium 
should pro prove of great value to all engineers whether or not they : are engaged i in 

~ planning work, The papers by Messrs Riggs, Mead, and Wilgus revi reveal some 

the colossal that have resulted from hasty uneconomic planning. 

a ‘Through careful advance planning, it is to be hoped that past errors will not 

of the principal objects: of long-range advance planning is to relieve 

ey on (at least to some extent) the large volume of unemployment resulting from 
* the fluctuations in the business | eycle; but, as Mr. Fay states ‘ “a controlled 
- public works policy should not be looked | upon as a means of relieving, directly, 

oe unemployment among workers outside the construction industry by giving 
: them employment on construction projects.” To do so would only tend to 

— upset the normal relation between the num mber of workers engaged in the con- 
struction industry and the number of workers engaged i in other activities. 
gq a ee The resulting u1 unbalance 1 may eventually prove to 10 be as great a problem : as the 
Ae _ original « one of f unemployment when, with © the return of better times, public 
works | projects are ‘‘tapered off. Public works expenditures, therefore, should 

fe not be regarded as a panacea but. as a a kind of | balance wheel to regulate the 


activities of one phase of the national economic picture, na: namely, the construc- 


a i. a to the financing of a long- -range public works program, Mr. Fay mentions 
a oe re _ two methods: The accumulation of a reserve fund during boom periods, - 
een. question of just how the reserve oan should be accumulated is a 
difficult one. In the accumulation of any reserve fund, the assumption is made 


that assets can be liquidated at approximately ‘the cost price; but the greatest 


_ demands upon a public works reserve fund will fall all during periods « of a 
issuance of bonds for unemployment relief i in ated it is 

3 Ness than asking future generations to pay for present unemployment, unless 
relief projects are of a a self- liquidating character. When the | bonds mature, 
f oe “money in the form of taxes must be diverted from the channels of trade to } pay 
them. This means that some is deprived of a che chance 
ae In boom sane, ‘money i is freely ex exchanged for goods and servives: it is then 
‘performing it its legitimate function as a medium of exchange. _ During periods 


ae ‘depression, the demand for n money is greater than. the demand for goods. 


Sy © Asst. Highway Planning Engr., Territorial Highway Dept., Honolulu, Hawaii. _ 
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IRASHIMA ON ‘WORKS 


Capital, unable earn a profit. and fearing ta taxation, “goes into hiding” in the 

form of bank deposits or tax-free bonds. 

a The fact that Government bonds ean be sold to finance unemployment 4 

, relief proves that there is an abundance of idle funds—money that has ceased 

to perform its function as a medium of exchange. It is not asking too poner a 

that such funds be taxed accordingly. — . Any long-range planning, therefore . 5 

should take these factors into account; otherwise, the issuance of public : works — 

unemployment bonds will only provide opportunity for additional capital to 

be removed from circulation. In this s connection, President ; Roosevelt’ 8 _— 

gestion t that future issues of Government bonds be taxed, is a ‘step in the right 


4. 


Lastly, the problem of public works planning i is not a static but a beatae 


| aul 


one; that is, the factors involved are changing continuously. oii “he ane 
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DESIGN OF ‘PILE FOUNDATIONS 


+, 


authors s development of his subject i is s based upon assumptions that may be at 
variance with facts. ‘analysis also” appears needlessly ‘complicated and 
leads t to values that are different from those ‘obtained by 1 the writer using: only 
the resolution of forces into components that act t upon the piles axial and normal — 


Tt is not feasible | to neglect soil mechanics | in investigating the pete 
th 

ae at the tip (if it exists), and the bulb of } pressure about the aie, ats « as much a 
part _ of the foundation as the pile itself and should be considered in any analysis. 


| The: author attem pts t to bulwark his 1is analysis by considering the elastic deforma-— 
tion: of piles and in so doing he loses sight of the fact that the stress, and, con: 
the elastic deformation, of the pile itself is. only pertinent in 
nal circumstances. These circumstances | obtain only when the total : 


pile i is less than the amount the foundation soil can stand. _ In soft 


oe critical rather than the stress in the pile. This is is 3 particularly t: true if the soll 
from bulging under lateral movement of the pile | by an 


In developing a case the assumes that the pile acts as a 
column and is connected t to the pier by means of a frictionless s hinge. Itis is 
a (see heading, “General Considerations” ) that: ‘ ‘In m many y practical cases, 
such as bridge piers and gate piers in hydraulic siaaaiaaain the error introduced 

y this assumption | is insignificant.” — Ih the writer’s experience on bridge and 

omg 
gate pier foundations, wooden piles. Saree: been extended into the concrete about 


; . ft and were considered fixed. The value in fixing this end of the pile was 


‘Notr.—The paper by C. P. Vetter, M. an. Soe. C. E., was published in February, 1938, 
Proceedings. Discussion on this paper has appeared as = 
1938, by Messrs. Hibbert M. ‘Hill, and Odd Albert. | : 
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May, 


d de A 
on the ‘Tight | bank of the Mississippi River about five miles up stream from a 
Redwing, Minn. mn. (These tests were authorized by the District Engineer, U. Ss. 
Army Engineers, at St. Paul, Minn., in 1934.) _ Round ‘wooden piles, about 
30 ft long and about 12 in. in ‘diameter, were driven in a vertical position Oe 
tested by applying horizontal loads to the top of the pile at the ground line. © 
One pile top was unrestrained and the deflection at the ground line for a sion 
load of 19 000 lb was 1 in. . A similar pile, tested in the same manner, but — a 
with the top restrained, showed a deflection of only 0.36 in. for « a lateral load a 
of 18 000 Ib. el) These tests indicated that if the top of the pile was ‘assumed free = 
whereas: it was actually fixed, the error introduced would be about } for — 


the materials used in the experiment. 
ei The ¢ author also assumes that the frictional resistance per linear foot of pile 

increases rectilinearly from zero at the top of the pile to a maximum value at + ae 
the tip. If the resistance to driving piles can be taken as an 1 indication of the e.F os) be 
frictional resistance per linear foot of pile, personal observation would lead the “eh i 
writer to assume a parabolic variation rather than a ‘rectilinear variation. 
However, in the case of vertical piles, driven in soil and supporting a concrete __ 
footing at the ground surface, the effect of lateral loads is believed to produce a 
entirely different distribution of resistive forces. With the soil confined by es ta 
the overlying slab the maximum resistance to horizontal movement is the = 7 
passive ‘Pressure of the soil and i is directly proportional t to the pile deflection. aoe fe 


The ma maximum pile deflection in this case occurs at the ground surface near 


the top of the pile and becomes | smaller toward the tip of the pile. | The dis- a q 
tribution of resistance to horizontal loads, therefore, ‘ean be assumed as a te ir 
maximum value a - the top of the pile and and a minimum —_— here near tae 


of the soil in which it is driven. "cela of a paper by Lawrence B 
Feagin, M. Am. Soc. C. E., fix this point for these tests = dino, 
and the paper substantiates the tests with recorded measurements. Iti is not | 
necessary to assume fixation or hinge action at a point two-thirds of the pile 


length, as the . author has done, when a series of tests will fix this poin 


3 The use of demey: piles to aid in the analysis of a . complicated pile: founda- 

tion with restrained pile ends is recognized as a convenient tool. i However, for ae 
the more ‘simple systems it is believed that dummy piles add to the difiedity 

in determining actual pile loads. | The e numerical example given shows a 
the computations and procedure are involved. __ Using Fig. 9, the writer com- — 
puted the total vertical force acting on the pile bent at 142 kips. ‘The x net 
moment of all external forces above Plane Y and about the top of Pile No. 4 

has been computed as 844, 165 ft- kips. The ‘eccentricity, e, of the point of. 


epplication of the resultant force from the center of gravity of the system of se 


pile tops is ———" — 5.5 = 0. 44 ft. The vertical load eben > ‘any one of — 
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be om the formula: 


in whigh cC mia - the distance from the center of gravity of the system to to the center 


of the | mg and Ta = the moment of inertia of the meng amen about its —_ 


1e of 


_ A can be considered as unity and the moment of inertia, J,, of the pile system 

Be a about Plane X equals 2 (5.5)? + 2 (1. 5)? = 64.8. _ Substituting these values in 

Equation (59), the vertical loads | are found to be as listed in Column 


15. —PILE Loaps, IN THOUSANDS OF 


(see Equation (59)) (60a)) Equation (60)) 


Pa: 


‘The angle the 1 resultant force makes with the vertical is —-— 
‘ value of @ in the example i is 2° 28" and the value of cos @ is so close to 1 thst 
- no correction of the vertical pile load need be made for the effect of the small 
_ horizontal | force . The angle of batter of the piles i is given as a and is equal 
9° Values of P, and as ‘computed from Equations (60), are given 
4 in chums (3) and (4), Table 15. . These values differ materially from ‘those 
obtained by the author, and it is believed that the introduction of a dummy 
into the analysis obscured the author’ computations. 


ae Mr. Vetter i is to be commended for a refreshing review of pertinent factors 


A. EreMin,* Mz Soc. C. (by letter): Formulas for 
Z i stresses in the piles of a pile foundation are developed i in this paper. 
_ Mr. Vetter has ‘simplified the computations by combining them with graphical 
construction, and the resulting process is simple if applied to piles in symmetric! 


; Aggoe. Bridge Designing Div Highways, State te Dept. of Publie 


<9. Received by the Secretary April 18 
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une, 1988 PEED ON DESIGN OF FOUNDATIONS 


footings. However, with the present application of. mechanical. 
al 


machines, a more direct method of computing stresses in “more 


may be three equations derived from statics. 


“pil the ‘equations mel be written (see Fig. 16), 


J Origin of 
4 

in 


A. 
/ 
= (% — x) cosa — (Yo sin a. . 


and zo and yo are co- of the of ‘Solving Equations 
(G1) simultaneously, unknown co: -ordinates of the center of rotation 
stresses in piles may be determined. 7 at the restrained ends of of piles may — am 
be treated as explained i in the paper. 4 ve 

¥p Designers are often required to compute the el ic deforms 
‘tures. Therefore, Mr. Vetter’s s paper is timely and creditable. 

_Jacos M. Au. Soc. C. E. (by letter). —The purpose of piles is to 

“transfert the base reactions of a footing to a soil that can carry such loads with > es, 
- settlements not e exceeding the permissible values. Any r resultant load can be . 

solved in into a moment, and vertical and horizontal forces. The requirements .. 
of statics are the p prime sendition for a any determination of aon loads each pile 

(or group of piles) transfers to the carrying § soil 

g If all loads are vertical and the pile group is symmetrically aiuil-duiias the =. 

center of gravity of the loading, and ‘if the footing may be considered a rigid — ie. a 


body, the distribution of loads is uniform among all the piles. If the center of ‘ 
the pile group does not correspond | with the center 0 f the loading, the true 
distribution must take into account the eccentricity of loading, and also the 
compressibility of the piles and the settlement of each pile tip under the se ale 
loadings. _ The problem now falls into the class of indeterminate structures. — 
If all loads are vertical and if some or all of the piles a are not vertical (bat- 
tered) either the vertical load is transferred by skin friction or the pile is 
Affected by a vertical couple. — =e the soil is ; sufficiently re resistant to o provide the 
‘skin friction in the immediate depths below the footing, no piles would be 
needed. : In the other case, the lower end of the piles are embedded for a com 
paratively short distance in a soil much more resistant than that aca below 
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the écting, vertical ona can only balanced by ¢ hori- 


- Unless special details are insisted upon, the usual short ile. into 
a footing is not a rigid, moment-transferring (restrained) joint, nor is it a hinged 
_ joint. . Such a connection is sufficient to transfer the horizontal loads from 
ao footing to piles. JA horizontal load acting | on a vertical pile can only be balanced 
two unequal horizontal reactions with opposite directions. aly In no other w 


ie with the niciulion of ng ater i case in which the resultant load is axial 
ae the sloping pile center. As has been well proved by tests on telegraph 
poles, as well as full-sized itis and sheet- piling, even short embedment of piles 3 

_ provides large horizontal strength. _ The greater cost of batter piles, together 
with the uncertainty of the fixed direction of the resultant loads, ‘makes it 

advisable to consider such horizontal strength of piles before deciding on the 


_ Driving piles. in a weak soil, without being certain that there is sufficient 


~ embedment i in a resistant soil or to take care of horizontal loads, is a common 

error. The result is a “creep” of viaducts, tipping of abutments, twist, and 


: of tow 


ves 


The author carefully enumerates a of the ideas in 


+ foundations, but his paper i is “~ a mathematical ag He of the design of piles 


that the effective ae of a pile is independent of the load imposed, , does not 
has? agree with the known action of soils. If: sufficient resistance can be developed 
at the upper length « of a pile, the lower part will be dormant. - Distinction must 

be made between the actual soil resistance or friction and the latent maximum 
lues. " The distribution of one is not the same as that of the other. In this 
respect, soils are not elastic lite | 


‘The author’ s paper is excellent if ee to the > design of ‘trestle or tower 
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. A ing NOTE-—The paper by Hugh E. Young, M. Am. Soc. C. E., was presented at the meet- ay 
® ‘0g of the City Planning Division, New York, N. Y., January 21, 1937, and published in oy 
March, 1938, Proceedings. . This discussion is printed in Proceedings in order that the _ 


views expressed may be brought members for further discussion of the paper. 
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ap | BARTHOLOMEW, AND BENJAMIN SALTZMAN 


RoBERT D. Koun, ‘ Esa. (by letter). 4¢__Ty 1936, the riter came to the 

‘that no change had been made in the zoning laws apply- 
ing to the City of New York, } Nw , especially ai as to the density of use, ak 
a building boom of a kind seemed to be on its w ay. ~ ‘Tt has not actually « even- wey 
tuated but much construction of a purely speculative nature was done in 1937. ey 
Such building, which planners | have feared and tried to prevent, is going on oe 
with the same density that was s permitted before 


The fact is that the very basis of zoning in New x fork City i is absurd. 
is, the absurdity « of any scheme based on a scarcity | of price e placed o on land v w hen 


Scarcity exists. 

they mu must make the difference between p price and veil value kno 

and faced by the real estate owner. _ For the difference i is colossal . The high ‘ 
price is ; based i in some measure on this very unrealistic zoning which has been > 
accepted. ‘Housing Authority of New York found that districts 
for. residential purposes in New York City, if built. up to the extent permitted _ ns 

by the zoning law, would accommodate 77 million people, and that areas pro- 

vided for business and manufacturing would accommodate, if built up to the — 

extent they w were ‘permitted by the existing zoning law, 340 million people, or, 

the people in North America and South America combined. 

a _ Whenever a piece of property in a blighted area is purchased for housing ag 
purposes, the price the buyer must pay is based | on the assumption that the | re “a 
land r might be used for some Purpose | that the zoning law permits and to the’ sf i, 
limit permitted by the zoning law. Even if the idea with regard to trustee 


plang for combining properties | in blighted areas were adopted they will not 
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no relation to real values—earning values—or if the co- operative body i is the 

a State, the city, or the nation, and is forced to pay those prices. _ Another 
- matter to which Mr. Young referred suggests that if the principle of earning 
value { for land were > really established, , instead of scarcity price, the city w Ww _ 


be bankrupt within one year because its tax base would disappear. = a ‘el 
Those who are ve interested in this begin educating the 


‘that all the people i in North and will be v working 
in an area such as the district, or the Chicago: district.  Plannen 


real 
Myron D. Downs, 6 Esa. (by letter). s_Why i is a re-zoning 


zoned ten to twenty | years ago? of the older ordinances were | 

ies ared by capable consultants, ‘although many of them were written by city 

oe: solicitors or city engineers’ assistants under the direction of city councils Seeking | 


economical method of satisfying a persistent group» of f citizens. Unfor- 


tunately, many consultants and the non-professional ohn did not conside 


of a zone plan. Too m many zone , plans already prepared and Schuh wanetiail 
merely maps of existing uses, hid effort having been made to proportion the 
_ ‘ti is is well to bear i in mind that the United 


——-1926, found zoning a constitutional exercise of the police power when ‘based on 
comprehensive » planning. It is not to be inferred carelessly that any map ) of an 
urban area, divided into three or four types of use districts, w will w ithstand suc: 
cessfully the test of time, , either in the Courts or as a medium for furthering the 
= elements of a comprehensive and complete city plan, which ‘should be the 
me planner’ s test of a good | zone plan. bee, It would seem that the greatest need for 


-re-zoning urban areas exists by reason _of failure to plan first. 
oe _ Mr. Young states (see heading ‘“‘Need for Zoning: Why Zone’ ’) that “city 

aa poms have come to sense the great social need of transforming the physiet 
structure of urban areas.’ ae Iti is to be e hoped that his observations are correct. 
aa If so, o, the larger | cities which, twe enty years ago, followed New York’s leadership 
in zoning, will again play ‘follow the leader” and Provide workable publie 
agencies in the form of public housing authorities to do the work. 


of the practical difficulty involved i in the operation ¢ of housing projects by the 


a Federal Government had ‘its beginning in the form of bad land sub- division 
_ practice and the speculative. rather than investment campaigns to “own ‘you 
Rc, The author properly emphasizes the the need of a strong administrative e brant! 

f if zoning is to succeed Liberal or r inadequate enforcemet 
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38 ARTHOLOMEW NG URB. 
ve is very quickly r resorted to, ifa poor piece of zoning has been done ™ the we 
he or if municipal officials have not provided for adequate planning as a foundation - 


upon which to base the zone plan. Many : a community has turned to the 
“supposed e economy r of charging the assistant sewe erage engineer ‘and the bridge 
"engineer's Ss draftsman with the task of supplying the local planning eke 

with a zone plan. during idle winter months. Naturally, the product of ir 
blic efforts is comparable with that of a planning engineer, suddenly and without — 


hat = technical training, assigned to the task of designing a sewage treatment 7 


cing “for a bridge. of unknown and ‘loading. Use ‘of the resulting 


ners structures, in either case, is perilous. 


hey _ Advances i in the quality of public planning must be gradual ond i ideals must 
‘alse be compromised. Cities with too few use districts for proper transition, can 
amend the use district map. I In 1932 the City” of Cincinnati increased its use 


districts from eight to ten, providing thereby an inter mediate residence : -_ 


pre- building district, a new zone to services goods. 
city JB establishments, with h height limitations in keeping with those of surrounding © 


nfor- There is still room for in most large communities, in the public 
sider control of population density. Height, area, and bulk regulations are of 
ition Telatively little assistance in regulating population to the extent that. school 
itute buildings a and Pavements can be built with any degree | of certainty that the 
: the IE estimated capacity will not prove inadequate long before the bonds issued for or: 
nited | the eimprovement are retired. There : are few large cities s which ¢ do do not have some cap ; 
10, in area congested with a a density « of more re than 100 persons per net acre of land, and, ~*~ 
ad on what is more’ serious, they have no legal control of | density in other can 
of an commercial or residential. Both Chicago and ‘Cincinnati have certain areas 
1 suc- densities in excess of 120 persons per acre. 

the High buildings alw ays present a difficult problem to the planner, in so as ace 
e the J the regulation of bulk is concerned. ~ Cincinnati has improved the bulk regula- oh A 
> for tion of the central business district approximately 25% by the recent amend- P. 


- ment (1932). However, as emphasized i in 1936 by Mr. ‘Harold 8 . Buttenheim,* ; 
“city the provisions are still most liberal. (The total cubical contents above the 


ysical established grade must not exceed the | contents of a prism having a base a 

rrrect to the area of the lot and a height equal to two and one-half times the width oe 

public = Good zo! zoning, and the ability to o place it or on the ordinance books of any city, ne og 


Mueh 
by the | 


can only result from a good ty: and an in ample amount of technical work sll Ne 


iVisiol 

rand) 


; Vineing case for the re- zoning of urban areas is presented in this paper. Surely, — 

_ ®“Land Overcrowding Allowed,” American City Magazine, June, 1936, p. 81. 
(Harland Bartholomew & Associates), St. 
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BARTHOLOMEW ON RE-ZONI ‘ING URBAN "AREAS 


one who has studied this roblem in large American cities can deny 
Apparently, there is now a wide realization of this’ ‘need, which is 
indicated | by the > large number of cities themselves in favor of 


_ Cities will be re-zoned to best advantage only w hen | the plan is based peel 
an accurate knowledge of the total land in urban use for various purposes and 

the annual rate of absorption. It is inferesting to note how closely Mr. Young's 8 

data for the total area of land used for urban purposes in Chicago and certain | 


% ~ suburban : areas corresponds with similar values for about sixteen self- contained 
cities cited the writer. Had ‘Mr. Mr. Young b able tc to | secure data for all 


are well-defined laws of land use which, Ww hen thoroughly u astauneed, w rill make 


“eS In 1937, the St. Louis (Mo.) Regional Planning Commission made a land- 
aN a survey of the entire 840 sq miles within the St. Louis Metropolitan 1 District, 
ti with the aid of the Federal Emergency Relief Administration (FERA) and the 

Works Progress Administration (WPA). The percentage of land used “for. 
various purposes in this | Metropolitan District (which is really nothing more 
og than a very = self-contained ¢: city) corresponds very ¢ closely with the average 


ABLE 6. 6 —Lanp | Usp FOR Various PURPOSES; PERCENTAGES 


¢ 


City of St. Louis 


60 


Public and semi- 


—|— 


ba * “Urban Land Uses,” by Harland Bartholomew. — 


fairly with those of the sixteen. self-contained cities, it will be 
noted that those for St. Louis (which is only part of a - self-contained city) 

show certain marked variations from the normal averages. Re-zoning 
_ partial urban areas should be w undertaken only after a full knowledge | of total 
urban land-use characteristics based on comprehensive surveys. 
Bar Most city planners will agree with all Mr. Young’s fourteen conclusions. 
lt. is particularly interesting to note that he concludes that both p public and 


Urban vous,” Marian Bartholomew, Harvard Univ. 1932. 
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pa other of these methods of approach as the only ot means of solving 


r Mr. Young advocates the creation of a strong citizens’ council to ime 


the re-zoning — ere has been | prepared a as the 1 result of the land- “use survey. - 4 


Soa interests have been responsible for for many unwarranted ted changes i in 
he fm zoning ordinances after their a adoption i in many cities. What as assurance is oe . 
. that any sound re-zoning ordinance adopted as the result of the initiative of a _ a 
strong citizens’ council will not gradually be broken down by these 
ke ‘speculative interests? Some kind of a permanent agency is needed to ‘ae 
} | that all zoning is soundly conceived and wisely maintained. © ‘It is for this - 
7 reason that the writer advocates one step farther than Mr. Young in his ap se 
the A real objective view of the present American city reveals it to be ediied 
for into three different types of residential areas: () Slums; (2) blighted d districts; pis 
age _ The: actual slum areas are found generally ‘in the oldest residential districts. 
(see They are ‘relatively small in ‘size, constituting probably. not - more than 5% 
i wy . of the total land in urban use. There is nothing that | can be done about them 
‘ m except tear w them down completely and rebuild them upon a totally new plan. — 
The new sub-divisions and suburban areas are also relatively small in size 
“— constituting perhaps not more than in 20% | of the total land i in urban nuse. There a 


preserving their present character. This is fairly well yoovided for by 
restrictions and by zoning regulations. ‘The greatest success with zoning hes ons 
been in preserving the character of new v development. 
Between the slums and the new suburban developments lies a 2 vast area of te 
residential development in various stages of decay. 1 These are the blighted — 
districts. They : are all potential ‘slums. Probably the most severe indictment 


that at could be brought against the Kussibiinie city of to- day i is the failure to give a ct pe 
adequate protection to residential areas, from which more taxes are -gurar 4 
than from all other urban land uses, commerce and industry included. Resi Bs 
dential development, particularly \ of the one-family and two-family types, once i a 
developed i in an American city, § soon starts either a gradual or a rapid process of eke a 
depreciation. _ These large blighted districts cannot and need not be rebuilt. ‘ Oh 


They are too large and the individual buildings s within them are not yet obsolete. _ ; . 


® The problem then is one of rehabilitation rather than reconstruction. - Sound © 


rehabilitation involves the development: of constructive urban land policies 
almost completely absent in American cities, 


Thus, there are three different problems within residential area: 
Reconstruction | of slums; (2) rehabilitation of blighted districts; and (3) 
protection for new suburban development. Zoning, i in itself, or re- e-zoning, will 
g accomplish either of these three objectives. © will do v ery much to facili- 
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tate och of these tathen: and, in fact, i is : indispensable to « each of f them, 
Zoning, or re-zoning, however, i is mevely one e phase of urban land policy. To 
: _ accomplish tl the desired objectives i in all three areas i involves a  long- time program 
es = and continuous ‘study of relative.” small unit areas of land within each of the 
; ree broad areas. _ The writer, there fore, favors the ivision of a e resi- 
three broad The writer, therefore, favors the di f all th 
‘dential areas, slums, blighted districts, and new ly developed areas, into a com | 
‘prehensive plan of neighborhood units, and the formation within each unit ofa lit 


ate _ citizens’ organization for permanent study and planning, as well as for concerted es 
action in all matters pertaining to the welfare of the neighborhood ‘unit which it 
era Stability of home ownership and satisfactory living conditions have been 
destroyed by uncontrolled speculation in urban real estate. One can never 
_ establish stability and desirable living conditions without control of real estate, 
which is consistent with normal land use. Where there is a city plan « com- 
_ mission capable of determining broad principles of land policy, and a well 
organized neighborhood 1 unit in each. part of waar residential area, planners | can 
ithin each and when the each neighborhood realize 
ae ; and understand v what the zoning and land policy should be, they will have a far 
eet be tter chance of adopting, enforcing, and maintaining appropriate zoning a and 


< 
4 


This comment, with respect to the establishment of permanent agencies in 
form of neighborhood units and neighborhood unit organizations in the 


is ; interest of slum clearance, rehabilitation of blighted districts , and protection of 
aa new residential : areas, as previously stated, is m merely supplementary to, and 


ce in no sense believed to conflict with, Mr. Young's recommendations. The 


a es writer is in full sympathy 1 with his recommendations, and he should be con- 
the preparation and so constructive a paper. 

Assoc. M. Am. § Soc. C. E. (by letter). i in- 


grea singly y large “number of municipalities which have adopted ordinances 


la reg ulating the use to which - land and buildings may be put, , and limiting the 
* ; he ight ‘and bulk of buildings, is evidence that the benefits of a sound zoning 
system have been recognized everywhere. The private restrictions that con- 
pa 
the sole regulations prior to zoning, were haphazard and sporadic, 
covered only a small area, and were formulated and often’ ‘distorted by the 
a developer t to secure | him a maximum financial return, Th hese private restric- f rest 
tions were inflexible and, “under changing « conditions, frequently impeded the on 
= growth of the neighborhood, thereby making application to the Courts le 
necessary for their removal. cities became larger. the need for city-wide 
“regulation became more essential. It was apparent that city J low. 


planning and zoning are inextricably intertwined. — It was difficult for a com- Dor; 
3 ‘munity to to plan : street a and block layout, park and recreational f facilities, water 
supply, and sewerage » systems, transit and transportation | systems, and 
facilities, locate schools and when the of the oorh 
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overing § about two- thirds o of the city’s 8 area, AR to develop without a 
any control, although h the n manner in which private property was Serco 
- strongly influenced the direction of city” planning. No plan for the develop- 
_ ment of public facilities can be complete or effective which is not based upon © ; 
8 comprehensive plan of ‘control of building development on private property. ae 
It is comparatively simple to map a proposed city along logical zoning» 
lines . Itis extremely difficult to zone land which has as developed haphazardly, 
‘especially in a large city created by combining many smaller municipalities, 
each of which developed independently. The average zoning ordinance, as 

‘first enacted, represents a@ series of compromises between the city planner 
working along established principles of zoning and the real estate interests. 
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desirous of diverting the ordinance to those directions which might enhance 


Almost every zoning ordinance contains ‘ ‘congenital’ which pre- 
“vent the fullest realization of the benefits of zoning and which contribute = 

“toward” the creation of blighted areas. As time elapses the defects become 
glaringly apparent and reé real estate interests become reconciled 1 to 
that re-zoning is necessary. - S determine the nature and the extent of re- 

- moning 1 requires an examination of the ordinance, a study of what it sought to 
“achieve, where it failed of achievement, and the factors contributing to that 

; failure. _ All the symptoms must be studied, and a diagnosis made before any — 

Zoning i is designed primarily to reduce cong eetion, provide. adequate a 
and air, keep obnoxious uses out of residential areas, lighten the burdens s of 

- traffic regulation and fire protection, ease the strain on trans a 
reclaim 1 blighted areas , and finally, t to stabilize real estate values. — Haphazard © 
building: tends to reduce taxable values, 2 as entire de- 
development aids i in the conservation of property 
An area that has been properly zoned will not become blighted. be A resi- — 
dential area that has been protected against invasion by industry by a buffer 


§ zone devoted to local business use, will retain its essential character for many ue: ¥ 


‘years, An area devoted to one- -family or two-fa mily dwellings must be pro- 
tected from the ‘congestion caused by the erection of m nulti- family « dwellings. eh 
In New York City, the ordinance needs revision in this respect, as the only 
‘Testrictions designed to keep the multi- family dw elling « out of the single-family — 
‘area are limitations as to height and bulk, which are , more a and more frequently, ee 
legally and successfully evaded. ‘Where ‘such areas, even if, well shielded, do 
decay and become blighted through obsolescence and gradual occupation by 
- lower- income families, the remedy i is not to ) re-zone s so as to | permit ae a 
or industry to e enter, rather to re- -build, ‘either with private 
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have been destroye y an invading industry which later departed, leaving 
= the empty shells of buildings as a reminder ese are the aa, J Pe 
areas to reclaim. Instead of encouraging lying dis- 


SADTEMAN ON RE- ZONING URBAN 


extension of rapid transit facilities and by the creation of other desirable ’ 


facilities, in fine geographical locations, to decay. and become more and more — 


all this expensive e development i in some outlying part of the city. WeOyS a 


be to contribute to rather than to. retrogression. If 


n ‘ation ould eased and congestion 
reduced. go too much area has been zoned for industrial use; 
segregation and the reduction of these areas to reasonable limits would fix 

real estate values and diminish the area subject to blight. pad Po wees vee 
-Re-zon -zoning ng alone, however, is insufficient to correct all the factors 
| that contribute to ¢ the ineffectiveness of a zoning ordinance. . The defects i in 
_ the ordinance may be ‘noted and noted, and the areas to be devoted to o different 
<i uses scien ally apportioned, and yet | the entire system I may break down be 
enforcement of the law. The zoning ordinance must be administered 
honestly and capably to be successful. Political expediency or personal 
favoritism have 1 no place either in the administration of the law, in the granting 
ny. oo. variations, or in the framing of amendments to the ordinance or the maps. | 
ae Mo The burden of administration and enforcement is lightened by the require- q 
ment of a certificate of ‘occupancy for every ne new or altered building. “The 
of this certificate is an assurance that the building complies wi with all: 
he laws applicable thereto, including the zoning ordinance, and « occupancy — 
contrary to the terms of the certificate i is in violation of the | law. y The certifi : 

‘cate of occupancy is a public record, and any person interested can easily 
e determine the | contents of any certificate. Illegal occupancies may be noted 
and corrected. The department. charged with the enforcement of the ordinance 
should issue the certificate; any other method results in a shifting of responsi-- 
: bilities and bickering between the agency enforcing the law and the one 
issuing the certificate. In New York City, the ‘Department of Housing and 
j Buildings administers the zoning ordinance, with 1 a Borough § Superintendent 
in charge of each Borough. Department, or its predecessors i in duties, 
has issued certificates: of occupancy since they were first required i in 1914. It 

is only on rare occasions, and then in border-line cases of interpretation of the 

, that these certificates have been challenged by any request for revocation. 
In New York City the City Planning ‘Commission has the | authority to 
amend the zoning ordinance a and ‘the ) Maps; the right to grant \ variations from 
the strict. requirements of the law, in 1 stipulated conditions, is vested with the 
Board of Standards and Appeals. Both these bodies act only after public 
hearing. rh _ Variations in interpretations of the zoning law are granted only 
after thorough and upon sound legal basis, , only where the 


hardship or 


triete, which induces abandonment of | the | old, and the new, 
features, this emphasis should be placed upon the redemption of the old = % 
is illogical as well as uneconomical to permit an area provided | with schools, — 
- streets, fire- fighting equipment, sewers, water supply lines, and transportation 


uninhabitable, with real estate values wasting away, and proceed to duplicate | 


Decentralization | of industry may become a cause of blight, but it may also 
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where practical difficulties only 
will safeguard the character of the neighborhood. the relief 
4 ranted to an applicant must not inflict any hardship « on neighboring property — 
g 


owners. Courts have consistently upheld ‘the Board in their decisions 


‘The full benefits of : zoning or re-zoning cannot be secured unless the a 
comitant problem of ‘the non- -conforming use is solved. | In any area prev iously 
Bor for business or industry and re-zoned for residence use, or in any area ae : 
. _ previously zoned for industry and re-zoned to permit only small local business A 
use, there will be numerous buildings whose use does not conform 
regulations for the new district. —Cdb is the hope of the zoning engineer that 
~ eventually obsolescence and natural decay will force the demolition of these — 
structures. _ Where the Board of Appeals grants indiscriminate variances 
permitting the modernization or enlargement of such ‘structures, the effective-— 
of the ordinance is impaired and the restrictions become valueless. The 
rd, therefore, at all times, must regard the interests of the community as” ae 
paramount, and allow variances o only where the granting of ‘the appeal is 
imperative and where | denial would be equivalent | to confiscation of property. 
Unless such an attitude is ‘maintained re-zoning is valueless. Honest and aca 
capable administration of of the ordinance is the keystone | of ‘the structure of 
t 


zoning; W ithout it any zoning or re- zoning is an idle gesture. Way Ur 
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AMERICAN SOCIET Y OF CIVIL ENGINEERS 


DISCUSSIONS 


MEssrs. CHARLES F. RUFF, SAMUEL A. 
M.T URNER 


F, M. Am. Soc. C. E. (by letter). 7—The warning to 

in storm in this report. is at timely 
; on one. The procedure of taking t the largest storm that has occurred anyw here 
28) - in the same part of the country, and fitting its isohy retals as closely a as possible 
a to the the water-shed must often lead to over-design ; and in some cases it will 


cause rejection of flood-control projects, which, on a more 


reasonable basis, 

. “might be feasible and desirable. However, where records are short, as is 
i often the « case, or dicta: there has been no uatihde storm over the area under 
study, some | form of storm transposition | is necessary to develop the full poten- 
iality of the - water-shed. The envelope curves of flood flow plotted against 
+ drainage area, and most of the flood flow formulas, are based on the tacit 


~ assumption ‘that storm transposition over a very wide area is permissible. 
— It is to be hoped that the U. 8. Weather Bureau can furnish some meteorologiesl 
basis to engineers t to help decide the propriety of storm transposition in indi- 

Asa tentative guide i in deciding to what e extent storm transposition might 
be used in the Atlantic Coastal 1 region, Fig. land Table 1 were prepared. The 
2 ‘greatest storms ‘in this region occur in ‘summer. _ The Miami Conservaney 
District studies show that, during the forty odd years covered, only a few 


Ww inter storms (and those mostly in the South) were large enough to meet their 
-eriterion of rainfall in 3 days at five or more stations. The paths of 
the st storms considered run generally northwest to to the > coast, or into the Gulf 
of Mexico, where they turn and run northeastward, parallel to the coast line, 
the center of most intense precipitation occurring somewhere along this 


LF ‘Note.—This Progress Report of the Committee on Flood- Protection Data was pre 
sented at the Annual Meeting, New York, N. Y., January 19, 1938, and published in Feb- 
ruary, 1938, Proceedings. This discussion is printed in Proceedings in order that the 
7S expressed may be driven before all members for further discussion of the report. 
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course. The location of these centers was a map of the 
E astern United States, the position being i indicated by the approximate shape 


4 ie _ of the highest 2- day isohyetal. ~ All the storms used (see Table 1) w were those for 


1 the area-depth curves were plotted in “Storm of Eastern 


TABLE 1. 1. —List OF ‘Storms | OccURRING ALONG THE ATLANTIC Co. ASTAL 


ey 


Date of observation of obser ti 
(maximum, two — (maximum, two day: 


Florida September 5, 6, 1933 ¢ North Carolina | October 1,2,1929 
Florida September 25, 26, 1894 North Carolina October 14, 15, 1914. 
Alabama September 20, 21, 1926 Maryland August 11, 12, 1928 
Florida | July 2, 3, 1909 Marylandt September 5, 6, 1935 
Alabama June 4, 5,1928 Pennsylvania | 23, 24, 1933 
Florida October 10, 11,1924 | New Jersey July 19, 20, 1919 
Georgia _ September 14, 15, 19 24 || Pennsylvania - May 20, 21, 1894 
Alabama 
Georgia 


September 29, 30, 1924 | Pennsylvania 31, June 1, 1889 
Alabama 16, 17, 1900 New Jersey October 8, 9, 1903 
Alabama ae March 22, 23, 1897 .... | New York§ | _ July 7, 8, 1935 
Georgia 


4 _ March 14, 15, 1929 f New Jersey | August 13, 14, 1919 


‘July 7, 8, i918 5 | Connecticut July 13, 14, 1897 
Georgia September 26, 27, 192 29 Connecticut October 3, 4, 1869 
Georgia July 29, 30, 1887 | Connecticut|| September 16, 17, 1932 
South Carolina | August '25, 26, 1908 eae 2 | Vermont e November 3, 4, 1927 
North Carolina August 15, 16, 1928 Maine September 16, 17, 1932 
North Carolina duly 15, 16, 1916 | 


* “Storm Rainfall of Eastern United States,” Miami A Conservaney Dist., Revised, 1936. | 
_ + Miami Conservancy Dist. uses the oem, a, b, and c, as numbers for early storms, mueed 1890, the 


same as the numbers, 278, 13, 223, ete. Py 


New York State Flood,’ Water Supply 773-B, Geological Survey. 


nited States,” 1936 Edition ret 
occurred: in the area between the mountains and the shore. im This includes 
a8 the largest storms of record up to 1933. _ AS oon in 1 Maryland i in August, 1935, 


a: for which were secured from the U. 8S. ingineer Office at Baltimore, 


_Md., and the storm of July, 1935, in New York N.Y. 18 were added. Data 
on the Connecticut center of Storm No. 268, ‘September, 1932, have also been 


s — published. M4 Data for the storm of March, 1936, were not available, and they 


‘not included. was a storm of a different type, and densite the great 
- floods it caused, it was not large enough, , ont a 2 -day basis » to affect the diagram. 
Sas The positions of the storms so plotted were th d on a line parallel 

es! e positions o 1e storms so plotte were then  peojecte on a line paralle 
; Re to the coast, and their magnitude shown on a profile by plotting the ‘rainfall, 


in. inches, for the following conditions: Maximum 1- -day reading; 1 maximum 
 * day ‘reading; 1- day average over 500 sq miles; and 2- day average over 
500 sq miles. course, other conditions of duration and area covered might 
es be selected in accordance with the size and | area of the water-shed under 

consideration. curves, _ which are” nearly straight lines, were 

_ drawn to include the highest: ‘points | for each of the four conditions. A ‘decided 

and uniform trend is evident, the rainfall rowing? less as the storms are located 


wt ‘storms. It seems reasonable to suppose he the storms that determine the 


rworks Pune, 


— The envelope lines furnish a guide o the relative size of the different 
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represent the maximum for their latitude ov over 40-yr 


he 

pe 277, near Pi the ‘same § size as 

or 

rn 

Iv §f Harrisburg . The envelope lines may also be used as a means of estim ie 
= a storm of a size comparable to the envelope storms, by reading, opposite the = 


: point: in question, the 1- day and 2- day 1 maximum and 500- -sq mile snap 


Attempts, correlate the st. storm size with the elevation o or the distance 


from the coast were not successful. The largest storms (those nearest the _ 
envelope) seem m to occur most frequently either on the coast or at the be- a 


sf 


sta any point may be gained by the following reasoning: A storm reaches a ‘ 


-500- mile envelope no oftener than once every 5 
within the 300 000-sq mile region in which such storms occur. _ A total of 600 
storms could occur without any overlapping of their —500- )-sq_ mile area of q 


maximum rainfall. Assuming that the point in question is no more likely to 
experience such a storm than any other part of the area, there would be less than Boos 
1 chance in 600 of an envelope storm occurring there i in a 5- -yr period. "Although — oo 


this assumption is invalidated to ‘an unknown extent by the effect of local ae 


topography, | and probably other "factors, it indicates that, for a given point, — 
envelope storms: must be extremely rare. it should be remembered, how- 


| 
|| 


ever, that all these storms covered much | larger areas, in some eases, with 
“only slightly less rainfall, ,and the ¢ chance ce of any given water- -shed being included = 
in these larger a areas is correspondingly ¢ greater. 
The seasonal distribution of the storms: considered herein. is ‘shown in 


1. They are all summer storms. Except for three storms i in ‘Alabama 


— 


m | 


or 


a 100% « of envelope occurs from July 6 to September es 
bis 90% of envelope occurs from July 1 to November 
of envelope occurs from June 1 to November 


| 50% of envelope occurs from May 15 to November ge 
~ yay rather generalized explanation of of the foregoing variation ir in size, locatio 


and time of occurrence of the storms, is as follows: The storms are caused 


ed 
od mY the upsetting o of masses of warm, , moist, and unstable alr from the tropical ase 
4 3 part of the Atlantic Ocean or the Gulf of ) fexico. The instability is due 


to the high temperature of the lower layers of the air relative to the tem- 
4 perature of the ‘upper air, , 80 that, when the lower layers are slightly elevated 
they are surrounded by cooler and, therefore, heavier air, and | continue to. 
ise ata rate. air rises it and cools, the moisture condenses 
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ecipitation results. the lower layer, the ‘it -Tises 


and the heavier the rainfall. be. caused by 


slope of a ‘mountain, or by over- riding a mass of cold, ‘heavy air. 


storms st strike farther north they encounter cooler land surfaces, and those 
Be. oh _ that come in from the sea cross & a belt of cooler water between the Gulf ee 


violence’ of. “upset, when it occurs. It is probably only the stable air 
masses that travel very far north | without being upset, and the ‘rainfall is 
finally caused by meeting colder air from the north. iz ‘The Vermont, 1927, 2 
and the New York, 1935, storms were both of this type. Frozen ground and 
_ snow also have a Stabilizing effect on these storms, and for this reason they 
oe unlikely to o occur under conditions associated with maximum run-off. 
SAMUEL A. WEAKLEY, Am. Soc. E. (by letter). i is is no doubt" 
but that the Committee is doing a a great wor k in stressing the needs for more and 
better basic data on floods. _ The recent “disastrous floods * * * have proved a 
blessing in disguise in in ‘stimulating much needed interest in flood data” (as 
site ae ning paragraph of the report) but they have not been wholly. 
= mi "responsible for the flood records of to- -day being more detailed and 1 trustworthy. 
4 considerable par art of the credit is due to the fine work of the Committee. ; 
2 For several years | the U. 8. Engineer District Office, at Nashville, Tenn. has 4 
“nee the records of flood crests : along the Cumberland River endl its tribu- 
‘he s. I In many instances the field records are in the form of tablets or other 


Permanent markers placed at ‘the flood- -erest line and referred to. sea-level 


pas 


ames ae The writer is in hearty accord with the suggestion that a central agency is 


needed to act as a permanent source of information for flood data. Such an 


agency should collect, compile, and catalog data in such form that they would 
be readily available to practicing engineers : and others. | Areas or river basins 


could be spotted where basic data were meager or lacking, and the agency could 


— or r stimulate special j interest i in those sections toward th the end that the 


agency could also prepare 


: Sonaswry forms and directives covering all kinds of data desired, thus standard- 


izing information from different sections for uniform study ‘endl comparison. — 
Nashville, perhaps of all the Southern cities, has the best and most complete 


files of local newspapers well preserved i in the libraries, historical societies, and 


— from which innumerable records of river and climatic conditions may 
be gleaned. |. Newspapers have been published i in th that city f for ‘more than 125 


ae yr and have been preserved i in remarkable numbers. Descriptions of floods and 
droughts dating back to the early days of settlement are available to show that 
is ne nothing new under the sun” there were always 


™Engr., U. S. Engr. Dept., Nashville, Tenn. 


— 
— 
of 
= 
er 
fo 
qu 
“of 
St 
un 
St 
| 
va 
— W 
4 
or 
— 
co 
Ci 
i 
— 
| gs 
— tio 
— 
— 


June, TURNER ON FLOOD- DATA 


masses | that t produce ‘great vehateite and local air “currents and columns of air 

that produce cloudburst rains. An 0} outstanding example of the first et 

~ curred when he left Nashville by audo-sedan about midnight on the balmy night 

of January 27, 1937, in shirt sleeves. - Before he reached Hopkinsville, Ky. o ee, 

a 65 miles to the northwe est), he had on an overcoat and a blanket with the | car t 

a closed | tight | as he passed into the section covered with ice and snow. He was 


ntering the southern edge « of that “eold front” that persisted during the p period | 
the great r rain n and flood. 1. This ‘transition within a 


had wasted away its altitude. 2) If vertical columns of air are re present in such | 
- force one can renee understand why « occasionally conditions develop such that | 2 


id . warm moist air is “shot” upward into cold air and precipitates a phenomenal — 

4 quantity of rain in a short time. 

ly HowarD M. Turner,” Am. Soc. 

J those published since the great floods of 1936 and 1937, are in this 
as _ These are e from various sources, such as and 


| eae except for special local and detailed reports. on 
Various specific flood projects, or localities, with h the United States Weather Soe 


‘Committee recommends that some central bureau be established in 
an Washington to act as a clearing house for factual flood data and to publish 

= data. It it suggests th that consideration be given to the Geological § Survey Ben 

or the Weather Bureau, , and that Federal funds be allotted for this purpose. abr 
uld The writer is | not certain just what it is proposed that this | bureau is to ) do. 
the 3 With the idea that all the various flood data published be collected’ at some 
are convenient place, which might well be the Library of the Geological 
- Barvey_ (and also , preferably, the Engineering Societies Library, in New York 


City), is in > Hows ever, if the recommendation means 
. appears to imply) that an attempt s should be made to confine the publica- 


- tion of all flood data for the entire ‘country to a Federal Bureau in Washington, 
it seems not only unnecessary and expensive, | but. entirely unwi ise. ee: he | Com- 
‘mittee complains | because it has to consult various sources of information among 
; which it mentions four U.S. Government Bureaus, State agencies, universities, 
engineering societies, engineering magazines, and special organizations such as_ 3 


the Mississippi River Commission, the International Boundary Commission, 
4 and the Massachusetts Geodetic It se seems to be that all the 
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y rents around the Nashville and the Monteagle sections of ‘l'ennessee for hours, | 
"being repeatedly carried aloft by the vertical currents after the miles of gliding 
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by this central bureau. to he no independent engineering 
_ various universities, or by State or local agencies, and by the technical societies? 
Many of these publications | are not entirely factual but analytical i in nature. o 

ae Even purely factual information depends for its usefulness on its selection and 

a _ presentation and often should be accompanied by a analysis and inter pretation. | 

. Frequently, the data for a local flood ¢ can best be obtained, and its method = 


as many: sources as possible, : should be continued and encouraged. of 
there being fewer, it would be better if there were more. 
The Committee cites, as an example, U. S. Geological W ater Supply 
_ Paper 771. This is not entirely factual data. at Practically all the data available . 
are ‘selected from sources already published. A considerable part. of the paper 
; is a ‘summary of v various methods of analyzing flood flows and frequencies taken 
- chiefly { from publications of the technical societies or engineering ‘Magazines. 
: : ‘This i is a valuable | publication but it does not seem to the writer advisable. erent 
ublicati ons this kind should be confined a central flood bureau. 
ac nother case cited is the flood- height data published by the Massachusetts 
Geodetic Survey for the 1936 flood. To be effective this study had to be done — 
at once. If it had not been done by the State Geodetic Survey it ‘probably 
could not have been done at all. Clearly, the data could not have been col- 4 
lected ata a central ee, nor, the writer believes, could their publication | have — 
7 been so well done. tf The selection of the material and the decision as to how ¥ 
it should | be presented were matters which required a familiarity with the 
local situation. ‘The information is’ of such « detailed local nature that its 
publication by a Federal bureau would scarcely have be been justified Another 
case in point would be the work of the Miami Conservancy District, whieh was 


ia In the case of a ‘single publication bureau, as recommended, ithahte is sabe ays 
the « question of ex expense. This n means selection of material, selection ‘means 
limitation. The ‘United States isa large country of varied climate, wi ith 


of rivers varying size’ and characteristics. It seems unwise 


What j is more, it cannot be effective unless the profession intends 
have all its flood engineering standardized and ‘ “ceollectivized”. in Washington. | 
_ The writer | is heartily i in h agreement with any s suggestion | that will ll permit nal 
8. Geological Survey to continue and expand, as may be necessary, its excel- 
ent work in the collection a and publication of flood data with the remainder of ‘a 
its stream flow work. it The admirable publications of ‘the data of the floods of 


936 (on, for Raper r 798 New England) leave Tittle 
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be desired for completeness and usefulness. The Surve ey should be amply — 

_ provided » with funds to continue this type of work and preferably to expand it. 
If a “clearing house” of ¢ any y kind, for flood data, is to be created, the w writer 
"considers that tl the Geological Survey i is clearly the place for it, as as it is the chief © 
flood- data collecting a agency now in existence. 
_ The Ww writer is i in complete agreement \ with the sections o of the report regarding — <e 

q the , meteorology of floods, and particularly the caution against the transposition 

of flood- producing storms from one Tegion to another. The publication of the — 


_ Weather Bureau’s study of maximum storms to be expected i in different 1 regions — 
should give light on the flood problem. 


be Historic floods present a very interesting and profitable : field for ievtatien 


tion which might well be undertaken by the various offices of the Geological | . 
Surv ey, or by other organizations and ee familiar —_ the local history ; 


and sources of information available. 
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Founded November 1952, 


DISCUSSIONS 


“MOMENTS IN FLAT SLABS. OF VARIOUS. ‘TYPES 


‘PROGRESS REPORT OF SUB- COMMITTEE (F) OF THE 
COMMITTEE OF THE STRUCTURAL DIVISION” 


Discussion 


for cases of flat as presented by the ‘Sub- Committee, are 
| helpful in that they extend the field for the design of flat slabs beyond the limits i 
of the standard case which, according to the Tentative Building Regulations | 
ie Reinforced Concrete of the American Concrete Institute, is “for a series 
of slabs of approximately uniform size arranged in three or more rows of pone, 
n each direction, and in which the ratio of length to width of panel does not — 
peer 1.33. we By the provision is of | this code, which are largely of empirical — 
smh each ‘special case must, necessarily be treated by itself. Obviously, 
me method of design, which would include the special, as well as the general, 


wo B. ‘Hammill, , M. Am. Soe. C. E., and the in connection with | 
_ editorial work for the Uniform Building Code (California Edition), and at the 
- suggestion of L. H. Nishkian, M. Am. Soc. C. _E,, another member of the 


Ban Code Committee, “made and reported an extensive study" of flat- 


= = NoTe.—The Progress Report of the Committee on Moments in Flat Slabs of a 
Hie, Types was presented at the naar of the Structural Division, New York, N. Y., January 
20, 1938, and published in March, 1938, Proceedings. This discussion is printed in Pro- 
- ceedings in order that the views "expressed may be brought before all members for fur ther 


Cons. Civ. Engr. (Henry D. Dewell & Austin San 
Received by the Secretary April 19, 1938. 
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Bane, , 1938 D WELL ‘ON MOMENTS IN FLAT 


an The method proposed by the Ww writers frees the designe of flat slabs from all 


and vay of panels. it takes of the intensity and 
dist ibution of live loading w which the A. C. I. Regulations” t treat in an unsatis- | 


factory: manner. For example, these regulations!® tacitly assume that the live 
_ load is always of uniform distribution; for one set of slab moments is made to — 


- suffice for all live loads. — Obviously, the floor-slabs in the lower stories of a 
- multi-storied building of flat-slab construction will be much stronger for condi- 
tions ¢ of unbalanced | live loading than the floor-slabs o of the upper st stories. The 


only reference to bending moments in columns, such as those due to non- -uniform a 
12 
loading of floors or to unequal is the general st statement, applying” 
to all types of construction, that: 

“The bending of all reinforced concrete structure 

shall be determined on the basis of loading conditions and restraint and shall _ 
2 provided for in the design. When the stiffness and strength of the columns _ 
_ are utilized to reduce moments in beams, girders, or slabs, as in the case of _ 

rigid frames, or in other forms of continuous construction wherein column 

moments are unavoidable, they shall be provided for in the design. In building p 


both exterior and interior columns and of eccentric loading due 2 to other causes.’ 


“This provision supplants the clause in in the 1928 Joint | Standard ‘Building 
Code which specifically refers to flat-slab construction and states: “In flat cab 
construction hy thy for known eccentric loads or unequal spacing of columns, 
computation of moments shall be made accordingly.” 

ti is to be noted that the foregoing paragraph lesion the 1936 ee 

makes no reference to flat-slab construction. Although flat-slab construction 
falls under the general classification, “Ww when the stiffness and strength — 

: columns are utilized to reduce moments in beams, girders, or slabs, ete.,” 

. its seems doubtful whether the designer « of flat slabs w ill realize this; indeed, it 


n 


"American standards. For example, ‘the German specifications | of 1929 ‘state 
om Sending moments in flat slabs and their supporting columns are to be 


for.” 
"theoretical treatment by Dr. Marcus and the slab moments, both “negativ 


a and. positive, vary considerably from those of American practice. For example: 


= ‘Secondary Moments: In German these secondary moments are called 4 


“Drillungs Momente.’ By way of explanation as to what these moments are: 

iff a slab supported on four sides is considered as made up of a number of strips 

in each direction; when loaded, each strip will have a different deflection. pa 
Actually the deflections of ‘adjacent strips must be the same. This sets up ae 
torsional moments in the strips as well as other moments due to the oe 
tion. For want of a better term they have been here called ‘secondary mo- _ 
ments.’ The exact theory developed by Marcus and others evaluated these a 
secondary moments which add greatly to the stiffness and strength of the slab. 8 


Regulations for Reinforced Concrete, A. C. I. Section 1108. 
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ecording to the older method of analysis two of 
cert separated strips whose deflections at the points of intersection are equal, the 
=a corners of the slab would remain in contact with the supports. Actual test 
‘ _ shows that the corners lift off if not held do down. —_ ‘iii off is due to the 


- Finally, the method of analyzing flat-slab s er which treats them a as 
| indeterminate frames, although not a rigorous theoretical treatment, is ap 
proximately correct and has the advantage that it can be applied equally Ww ell 
to special, well as to standard, construction. 


And 
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MICS OF “SEWAGE TR 


-MEss 


CHARLES | GILMAN Hype, 5M. Am. Soc. C . E. (by letter). **—Referring to the 
economics | problem, in general, practically every engineering project deans 
consideration fr from three economic standpoints: Justification, ‘selection, nd 
Pe In the usual case, | private. and quasi-public undertakings, such as manu- 

facturing enterprises, office buildings, hotels, railway, water, gas, and electric 


systems, ete., must eventually justify themselves, in so far as their owners are 

the: public, such water supply a and highway systems, should also justify 

themselves from the economic standpoint, in considerable part, at least, ‘if not a 

wholly. However, many private, quasi- -publie, and public enterprises of the 

type i in question yield intangible returns 3 of distinet ‘social an and esthetic va 

that cannot be expressed i in monetary terms. In those instances, , where such 

dividends" are relativ ely large, expenditures on the part of the public are 

justifiable either i in the form of subsidies or of direct investment, as the: situation : 

may “Suggest. Rarely, however, does it : ‘appear that public monies are. thus 


‘concerned, on the basis of financial returns only. a Enterprises undertaken “= 


‘The Economic Justification of Sewerage and Sewage Treatment—It 
that investments in sewerage and sewage treatment 
be economically justified because their benefits are not to be reckoned | ie - 
dollars. . Itis unquestionable that public health and comfort are immeasurably | 
and directly improved by sew sewerage and to a less degree by sewage treatment. - 
However, there 2 seems to be no financial “ ‘yardstick’ (for i instance, in terms of x 
“the v value of the human lives which might be saved by any particular | system 7) 


of works) by ° which the advantages of this indispensable public service can be. RS 


s ‘Notr.—The paper by George J. Schroepfer, Assoc. M. Am. Soc. C. B., was presented _ 
gs the meeting of the Sanitary Engineering Division, New York. N. Y., January 21, 1937, are 
published in April, 1938, Proceedings. ‘This discussion is printed in Proceedings in 
order that the views expressed may be brought before all members for further discu sion 
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“HYDE ON ECONOMICS OF SEWAGE Discussions 
measured. the treatme nt of sewage may lessen the cc cost. “of 
- treatment of wi ater taken from a source which would otherwise b be > more grossly | 
polluted or possibly too polluted to permit of its use for water supply purposes, 
os Occasionally, also, fish and shell-fish industries of commercial value may be- 
come possible where, except for such treatment, they would not. In such 4 
cases some form of | estimate can be made of the e economic value of s ‘sewage "7 
ane It is believed, however, that in most cases and for the most pane sewa ‘ 
_ treatment must be justified upon social and esthetic, rather than upon eco- 


nomic, Thereby odors ai are eliminated, avoided, P 

¢ 

t! 

industrial, domestic, and other public purposes, and, in a better 


Problems which, perhaps, may be looked upon as coming the 

of. economic ¢ justification sometimes present themselves i in connection with the 
design of sewage treatment works. instance, the “question may arise: 
2 « an the dehydration « of i sludge and its preparation as a fertilizer be justified 
cz the basis of the expected sales? Since the sludge w must be disposed of in 
some fashion, however, this problem may also be regarded, and perhaps more 


properly, as one of economic selection—selection as between different methods 


Economic | ‘Selection in Sewage Treatment. —The paper deals | with 


Iti is a Sadtowichy contribution of extreme value because of the truly enormous 


worthy fundamental data that have been brought together and 
st critically examined, because it is virtually a ‘pioneer discussion of the major 


pe ee oy phases of this 5 important matter, and because in no other single place, known 
és to the writer, can the material or any substantial part of it be found. It 
"appears that much of this information has never been published, at 
available form. Mr. Schroepfer deserves the gratitude of f the profession for 
the faithful, ‘eelllon effort that he has p put forth over a long period of time to a 
bring these data together. He is to be congratulated | upon their careful 
analysis and excellent presentation. His of the many factors to be 
-_ eonsidered in this particular group of problems i in economic, selection is ¥ 
comprehensive that little need be said further on that score, 
Was Economic selection implies a a choice, o on the basis of indeed sini , between 
different methods or machines for accomplishing a given, ‘pre- determined 
as result. Ins sewage treatment the desired « character and condition of the effluent 


Be must determine the processes and mechanisms which are available and which 


> 


—e 


can be. utilized. The selection as between two or possibilities will be 


-. made, wholly or in part, as the case may be, upon an economic basis. The 


significant: criteria of performance will ordinarily be the remova 
suspended solids and bio-chemical oxygen demand, as suggested and used by 4 0} 
author. There will ‘usually be other factors, not readily expressible in 4 


monetary which should be given due consideration, and these may be 
in some author has wisely that such factors 
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HYDE ON 


attention and that each problem sl should be 


— 


charges. The fixed must include interest, insurance, taxes (if any), 
depreciation, and maintenance. The operating charges must comprise all 
. labor and overhead, and supplies lie every kind not overlooking px power, heating, 
hei Unfortunately, published data on sewage treatment costs too frequently 
present: operating costs only, omit the fixed charges. Both groups of 
charges ‘should be presented, properly segregated. — The total investment in 
_ the works covered by the operation cost data should be stated, together with 
‘the Tate of interest. thereon and the depreciation allowances - Maintenance 
expenses ‘should be shown as a separate item. The author is to be compli- 
mented ot on the fact that he has t taken main of expense into 
frequently happens that t the costs of projects, selected to 
yield comparable effluents, , are e widely different. It is not always” an easy 
| = convince administrative authorities and the public | that works es 
a requiring - the larger initial investment may actually be the cheaper i in the long ie at 
a run, all factors considered. _ It happens, also, that funds for the economically _ 


a more advantageous scheme : are often unavailable, or are assumed to be. Daa ane 


different annual ‘costs. In cases, if the performances are equivalent, 
t selection should be made upon the economic basis, unless local conditions 


must pond obvious that problems of economic selection present themselves 


features of these projects. such probleme arise connection 
the selection of screening, pumping, and aeration yn equipment, of types 


disposal procedures an and equ equipments. 

Economic Proportioning or Dimensioning in Sewage Treatment. —So ‘much 
has been spoken or written upon the general subject of economic proportioning a 
that designing e engineers should be well aware of its importance | and thoroughly — 

selection, however, there are n many from those of cost, which 

-_ be considered i in determining the proper "shapes, proportions, and dim & 

sions of sewa age ‘treatment plant structures and equipments. The. charaet 

- isties of sewage and sludge, of course, must always be borne in mind. De- aie 

pendability ‘frequently, of more importance than mechanical efficiency. 

- Features and works that might appear to be most advantageous from an | 

: economic standpoint mi ht actually perform so badly and demand so mu h Gee 

g yp y 


f cperating attention that they might prove in reality (that is, in service) to RS 
the more costly. The primary effort of the designer must be directed toward 


ease and assurance, the treatment effects that are “sought 


EATMENT 13090 
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rhe total cost in ev hould constitute the criterion of 
The total annual cost in every case should constitute the criterion of =. 
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consideration. There are ‘many features of sewage treatment plants, never- 
ers oe 2 theless, which may | be subjected to analysis to determine the most seamen 
proportions. These features may be both structural and hydraulic. 


ui 


Paitaa Oe Among other functions economic proportioning has to do with the deter- : 7 
mination of the ‘most advantageous plant elevations. In this ‘Single item of 
“ planning there is frequently to be found a signal opportunity for cost saving, id “ 
There | be one controlling ¢ elevation which will Tepresent the greatest Over- p 

economy for the project. it That ‘elevation | should be sought. Any y other tl 
might involve more pumping, more excavation, more difficult expensive 4 
foundations, less flexibility i in operation, , or some other costly or undesirable 
Effective sedimentation imposes se severe depth limitation. Sludge-removal fe 
equipment may control the width of settling basins. Lengths must be suffi- 
cient to ‘Prevent excessive short circuiting. Certain shapes of basins require hi 
more area than others. The « economic dimensions of two basins in d 


single structural unit will usually differ from those of a single unit; and the 

conomically 1 most advantageous dimensions of several basins in a aieahe struc- 
1 tural unit will vary from those of a smaller number of basins. — Saertonntely, ; 


however, the dimensions that y will produce | the best effluents may not vary in 


One of the most common, and perhaps the best salccniinik problems of : 
economic proportioning in sewage works design, as well as elsewhere, is that 
of the determination of the most economic diameter of force mains. © » In this 
ase, where the volume of sewage or sludge will increase with the growth of 
the contributing district, the annual costs of pumping should be calculated for 

various ‘pipe sizes and for various dates throughout the anticipated life of the — 
pipe. . The mean minimum cost will define the most economically advantageous = 


ae diameter. Here again, however, , the « characteristics of the sewage or ‘sludge | 


oust be considered. Pumps and pipe lines ‘most economically proportioned ol 
for water may be so small as to become clogged with : sewage or sludge. — More- © tl 

_ over, the friction factor, due to grease accumulation, may increase with age. 1 fe 

. ‘The entire subject i is assuredly one of great interest and importance. — Bn 

treatment relatively little is found, on the. economic phase, 


accumulated a grt great data on con 


and performances of the larger plants of the United States, and has arranged 


and correlated them in a manner sanren to various s situations ns under a 


| a 

ssistance to the engineer in selec cting the degree and type of treatment for e i 
particular case, the writer believes that emphasis should be placed on: (1) The : (t 
need of more extended study | of the requirements of each situation; and (2) 
the effect of local factors that may alter the relative economy of types of treat- é A 


® Cons. Engr.; Prof. of Municipal and San. Eng., Univ. of Minnesota, Minnea olis, Minn. 
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June, 1988 BASS ON ECONOMICS OF SEWAGE ‘TREATMENT 


‘of Various Processes: General”): “Having arrived at what seem to be 

‘ the paper is devoted to a comparison of the various processes, and a discussion of 


"ment, 8 as indicated by the average costs given. iit: ~The author states (see “Com- a 
reasonable basic cost and reduction data for normal conditions, this section of 
certain factors that affect their relative economy - ‘and thus serve to alter i 


f general indications presented i in the » comparisons.” ’ Furthermore one 

“Com mparison of Various Processes: Miscellaneous Factors Affecting the Com- 

parison”): [of the plants] are within range of 20% above or below 

t : the estimated curves of costs shown in the curves”’; and 61% are within the — 7 
eo range for costs of f operation and maintenance. — The specific causes of variation Hs ba 
from the average are mentioned: Fixed charges, sewage characteristics, seasonal 
variations in of treatment, commodity costs, head available, ant | design 


average over- all costs of construction ar and operation, itis of prime importance for ny Q. 


| him to keep in mind the possible pe from the average due to local con- ia 


The author recognizes that the economic consideration is the 


ijn of treatment necessary. This most important factor has quite often 


been given § scant attention, particularly in smaller plants. In many cases it is 


- apparent to the e engineer that primary treatment only is required for all condi- ra ew 
tions, or that, on the - other hand, continuous secondary treatment is necessary, — es 


but there are many cases in which only extended laboratory-controlled | obser- 3 
can determine the degree of treatment required to ‘maintain a given 


standard in the receiving body of water and the varying degrees of treat- a as 
ment required in a stream of widely fluctuating discharge. The 


may be that of. a minimum dissolved oxygen content in the stream alone, 
or in combination with suspended solids—or, in some cases, in addition, a 
"bacteriological standard. At ‘present there appears to be difference of opin- 
ion with respect to dissolved | oxygen ‘content standards i in the » receiving body 4 
water, and until this question is fully answered in each. doubtful case, 
the e economic . degree e and type of treatment cannot be determined. "Relatively 
few w designing engineers possess the equipment for making the investigations 
4 necessary; the expansion of the services of the U. S. Public Health Service and — me 
a of State | Health Departments i in making continuous surveys of sewage-polluted ES 
-— @ streams and from them establishing definite conditions to be met by treatment ats 
plants would, in the end, contribute very greatly to the economic _ design and te 
operation of all treatment plants. At present (1938) such investigations are 
limited to the larger cities. Investigations by Federal, State, or by inter-State — ia - 
authorities have the further advantage of ‘treating natural drainage districts as 
a a whole, allotting to each community its proper share of the burden of cost. ae 
» As such | investigations multiply and are made generally available the ag 
mary economic factor of degree of treatment ; required will tend to become: 
limited within narrower ranges. In the c case of the Minneapolis-St Paul wong : 
(tov which the author calls particular attention) long and detailed studies of the 
'— Mississippi River were made under the direction of the late J. A. _ Childs, M. 
a “Am. Soe. C. E. , but the » uncertainties in in predicting the ‘effect of some of the 


_ factors, particularly the of by sludge deposits, 
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TREAT! Discussions 
a of safety to assure ‘the required dissolved « oxygen content 
i. in the river after the | plant was in ‘operation. If more extended investigation 


resulting i in more firmly established and generally : accepted technique had been 


available at that time, more re precise interpretation of the situation would have 
possible. From th the economic standpoint, the decision as to the minimum 

‘dissolved oxygen content to be maintained in the receiving y stream, whether it 
be 2 ppm or 4 ppm is vitally important. Accumulation o of f further data that 

He ja throw light on this factor will be of great value. — Having such ch data, all the 
id nformation i in this paper may be used to its fullest extent. a ee 

_ One of the noticeable characteristics of the data presented is that practically 


iat them are of the last decade (1927- -38) and many of the last two or three 


ai aad The feature of this paper showing the costs of operating , secondary processes 


x i fractions of the year - suggests emphasis upon the economic values of this. 
; 4 principle and that other combinations than those mentioned may be suitable i in 


_ certain ob pera Table 16 the cost of effluent filters (if regarded as a secondary 


opr rinciple of flexibility i in . degree e of treatment as s required the fluctuations ¢ of 


Belay of treatment attainable by other secondary processes a are not peta 
ae From the data given of such filters, it appears that with | plain sedimentation, 31 
s suspended solids and 21 ppm B.O.D. would be removed by filtration. 
: These | values must be added to the 56% of suspended solids and 36% B.0.D.. 
removed by plain sedimentation to obtain the over-all removal. From the 


osts of filtration shown in Table 18, on a plant of 100 mgd ca capacity, t: the 
18.—ApsusTED Costs oF FILTR ATION 


_ Construction cost, | eration ond maintenance ¢ 
in dollars per costs, in dollars per ake 
gallons per day ____malllion gall million gallons 


ie fixed charges” at 6% would be ‘$24 as and the « operation and ‘maintenance 


Another combination that might be considered is that i short- period aera- 
on (perhaps 2.5 or 3 hr) followed by effluent filters, if and when data are avail- 
to show the reductions by filtration of the suspended solids and bio- 
cal oxygen . demand from the effluent of the secondary settling basins of the 

In the s section on trickling filters, ‘the author has given as a basis the costs 
cre. He 
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June, BASS ON ECONOMICS OF SEWAGE TREATMENT 


mentioned the that large- Minneapolis, Minn 
~ and Chicago, Ill.) have used rates as high as 20 and 25 mgd per acre. . _ These 


4 experiments | have resulted in securing b bio- chemical al oxygen demand removals 
eg 65% to 75% and, in some cases, more. “If, in practice, an average of 70% 


bio- chemical oxygen removal is attained (which seems li likely) and a 
total construction cost of from 50% to 60% of a plant having a capacity Ly of 2 eee 
.~ per acre with an operating ¢ cost perhaps: 5% greater than that of the hace 
slower rate plant, values in Table 19, based on costs given in n the paper for pon 


NG 


capacity, Estimated | od Annual cost, per million 
es million construction " ‘| Total in million gallons per 

4 


reduction 


$ 660000 | $ 31500 | 39600 be 71100 $7 
20 | 1265000 §2 500 75900 128 400 6 
of. 5885000 | 226 300 353 100 579400 | 5 794 


oo filters at the lower rate, would apply. A curve might be added to 


_ Fig. 1(6) based on Table 19° which would appear | quite closely parallel to the 

trickling filter curves, but to the left of them. 
Although these last two illustrations of possible combinations cannot 
substantiated by costs from actual large-sized installations (inv view of the rapid 


- tate at which new Processes and combinations of processes are developing under ae 
31 ; adequate laboratory control) it is in that direction that sanitary ngineers es 


look for advances i in 1 the near f future. q 


; - In treatment plants with capacities of approximately 5 5 mgd and more, itis 


= q reasonably certain that careful and continuous laboratory control will be secured ae: 
id and that the performances cited in this paper will be achieved at the costs 
indicated. At present, information is necessarily obtained from them. 


fortunately, i in the smaller plants, which are greater in 


plants the actual performances of the various types are likely to be so variable a 

and to differ so much from their potential performances. that not only is economic ene 
comparison more difficult, but certain types, because of the need of their more 
careful operation, due to their sensitiveness to varying conditions, should be 
eliminated altogether from consideration. In order to secure true economy in 


sewage treatment in the smaller cities, generally, the engineer must ae a 


the need for educating the public and its representatives in the value of acquir- 
ing necessary data for the correct solution of engineering projects. 
This p paper suggests that a great mass of unpublished data on the economic ae 
aspect of i sewage treatment ‘is existent and that this rapidly nid tate science ai 
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DEOXYGENATION AND REOXYGENATION | 


B. PHELPS, Esa.® (by letter) two 
contribution to the practical art of stream pollution control. By an ingenious 
a pss ena of graphic procedures, Mr. Velz has simplified the application 
of the complicated formulas of ve-eeration. and -de-aeration and has rendered 
them directly applicable t to any given situation. is especially important that 
this simplification has been introduced without altering the form of the basic 
e equations. : he latter are rational in form and their constants are capable of 

experimental determination. Their conversion to simpler empirical forms leads 
too readily to Joss significance and to faulty applications. This, the author 


ings a as factor i in n design. a were ‘to build : a dirt road 

2: utilize it until traffic became impossible because of stalled cars, and then replace 


“subject to legitimate criticism; and yet, raw “sewage is often discharged in 


loads” until the resulting ‘stream conditions become intolerable. 


under some g of a State authority, and v Ww wholly 
apart from any but the most casual reference to stream capacity. ‘ 

In his paper entitled ‘ ‘Economics of ‘Sewage Treatment,”? George 
chroepfer, Assoc. M. Am. Soc. C.E., , has emphasized the fact that the first 

of attack i isa determination of the ‘Tequired degree o of treatment. 


it may quite reasonably be stated, that, sewage treatment 
n sewag 


‘Norge.—The paper by C. Velz, “Assoc. M. Am. Soc. C. was presented at the meet 
ing of the Sanitary Engineering Division, New York, N. Y. January 21, 1937, and pub 
lished in April, 1938, Proceedings. This discussion is printed in Proceedings in "order that 

the views expressed may be brought before all members for further discussion of the paper. 


* Prof. ot San. Belence, ‘Coll. of and Columbia Univ., New York, 
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discussion of the 
- that made by the late Frederic P. Stearns, Past-President, Am. Soe. C. E. , who, - 
‘in 1890, studied Massachusetts streams ¢ carrying varying sewage loadings upon 
the basis of ‘dilution per contributing | capita. He suggested,’ 10 
-jimits, that a dilution of less than 2.5 cu ft per sec per 1 000 persons leads to in- 


“einthle» pollution and that a corresponding g dilution of 7 cu ft leads to results 


limit of necessary dilution at 3.5 cu ft. The late Rudolph 
M. Am. Soc. C. E., based his Chicago Drainage Canal design upon a = 


ratio of 3.33 ¢ u ft » will be np = noticed that throughout all this 


nized re-aeration as a factor in stream pollution standards and made Sie 


__ The Engineering Board of Review, of the Sanitary District of Chicag 


(1925), clearly recognized the essential relation existing between dilution and 4 
the - oxygen demand of sewage but the most recent textbooks either omit all ae : 
reference tor re- -aeration as 8 a strea stream cms or — note the lack of quantitative 


of permissible loading and of allocation of stream assets” 
among the users of the boundary \ waters of the Great Lakes system were laid 


Ww 


as bases for a remedial program. 


Under the ‘direction of Mr. A. Holmquist, Director of the of 
Sanitation, New York State Department of Health, similar study was made i 


q 


of the capacity of the Hudson River below Albany, N. Y. Mr. Velz was 
"associated with th the writer in that study. _ The oxygen profile was determined 
“under summer r conditions, : and estimates were made of the rate of de-oxygenation : 

and re-aeration, and of the relation of the contribution of each community to 
the total pollution | of the e stream. A & similar treatment of the p pollution and ee 
self-purification of New York Harbor, as influenced by the ebb and of the 


pe, 


tidal p prism as well as by the flow of the Hudson, has been ‘published. ” SS: ak 


4“ Investigation of Rivers,” Rept., Board of Health, 1897. 
Mass. State Board of Health, 1902, _ 
Rept. of the Cons. Engr. on Pollution of Waters, International Joint 


3 “ Examination of Water Supplies,” Special Rept., Mass. State Board of Health, 1890. P 
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Streeter and Earle B. Phelps, Public Health Bulletin 146, Washington, D. C., 1925. 
us 


presenting a simplified and _ workable method el their ‘application 


concentration of 


ee  eanparatite in their accuracy and applicability to weir formulas and others of 
-_ nature upon 1 which engineers rely in pede their design problems. 


relation are also sufficient except that, for the 
ie: _ ~present, the item of turbulence must be. determined in a more or less empirical 
manner. As shown by H. W. Streeter, -M. Am. Soe. C. E., and the writer’ it 
may be developed in streams as a somewhat complicated function of depth, 
velocity, and wetted perimeter. ‘2 In larger : areas of more nearly quiescent w ater, 
the late William n Murray Black, -M. Am. Soe. C. E., and the writer have shown 
that it. may ay likewise be developed os as a function of depth, wind velocity, -agita- 
ion by passing boats, and the movement of t tidal flow through constricted 
__ sections.1* 16 6 In each case the turbulence factor appears in the basic formula 


as a time edulis expressed in the form “time between mixings. ” The author’s 


experience, indicating that under many conditions occurring in actual practice 

- on small streams this time may be taken at from } hr to } hr for streams 

“a ranging from shallow, rapid-flowing, to deep slow-flowing, sadhedtiey represents 

satisfactory approximations. British Royal Sewerage Commission, on the 

oe basis of direct observations with dye solutions, estimated for some of the 

Le larger streams times of mixing ranging from 1 hr in 1 the case » of moderately 

, m rapid flows | to 6 hr i in the case of very s sluggish flows. The results, computed 

ee. on this basis, w were found to be in practical agreement with those of field 

_ investigation and of laboratory experiments in tanks.'” 

 Itis believed that the procedures advocated by the author are worthy of 

“much wider use on the part | of those charged with the responsibility \ of stream 


control and that such use will result in economy of effort and conservation 


48 Bactors Concerned in the Phenomena of Oxidation and Re-aeration,”’ by H. W. 


16 Rept. on Discharge of Sewage into New York Harbor, by William Murray Black and 
oe Earle B. Phelps, Board of Estimate and Apportionment, New York City, March, neni. 


17 mee al on (Great Britain), 8th Rept., Vol. 1, eee 
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